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Abstract 
 
This thesis, which includes three essays, empirically investigates the effects of early-
life malnutrition on adulthood socioeconomic outcomes by exploiting the three most 
catastrophic events in the history of Bangladesh—the 1942–1944 Great Bengal 
Famine, the 1974–1975 Bengal famine, and the 1974 Floods—as natural 
experiments. Notably, the thesis employs the nationally representative micro census 
data in 1991, which contain the demographic and socioeconomic information of 
10.58 million individuals representing 10 percent of the total population in 
Bangladesh.   
Does early-life malnutrition affect long-term socioeconomic outcomes? 
Motivated by the ‘‘foetal origins’’ hypothesis that suggests a causal link between 
early-life health and later-life outcomes, the first essay, entitled ‘Long-Term Effects 
of Early-Life Malnutrition: Evidence from the 1942–1944 Great Bengal Famine’, 
seeks to answer this question by focusing on the 1942–1944 Great Bengal famine. 
The essay investigates the effects of this famine empirically for the first time in the 
literature, studying the socioeconomic outcomes of the birth cohorts exposed to 
famine-led malnutrition in their first three years of life compared to the cohorts born 
in a range of years before and after the famine period. The essay exploits a district-
level famine severity measure offered by the Industries Department (1944), which is 
based on destitution during famine, the amount of cultivated paddy land sold by rural 
families during famine, the number of cattle lost by rural families between 1943 and 
1944, and the deterioration in the economic conditions of rural families between 
1943 and 1944. The essay finds that famine-affected cohorts achieved a significantly 
lower level of human capital in their adulthood, and they were more likely to work in 
the agricultural sector. Further, famine-affected cohorts had lower wealth as 
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indicated by the probability of living in houses with brick-wall and concrete-roof in 
later-life. Findings also suggest that the adverse effects in terms of the 
socioeconomic outcomes were intensified in districts with relatively higher degree of 
famine severity. The essay also finds heterogeneous effects of famine across males 
and females, and Muslims and non-Muslims. In most cases, the effects are stronger 
for males, and Muslims as compared to their associated comparison groups.  
The second essay, entitled ‘Food Availability or Food Entitlement? Throwing 
Light on Competing Explanations of the Causes of the 1974–1975 Bangladesh 
Famine’, empirically examines the long-term consequences of early-life famine 
exposure by exploiting the 1974–1975 Bengal famine. The primary focus of the 
essay is to shed light on two different explanations regarding the occurrence of the 
1974–1975 Bengal famine; the decline in food availability prior to famine, and food 
entitlement problems during the famine, whereby the latter explanation was most 
notably promoted by Nobel Laureate Amartya Sen (The Quarterly Journal of 
Economics, vol. 96, No. 3, 1981, pp. 433–464). Employing the 1991 micro census 
data that include more than 10 million people, the approach of this essay is rooted in 
the “foetal origins” hypothesis, and exploits the variation between the group of 
children exposed to famine-led malnutrition in their first two years of life or in utero 
and a counterfactual group with no such malnutrition experience. The essay then 
identifies whether both groups differ in educational outcomes in their adulthood. To 
measure the competing explanations on the causes of famine, the essay utilizes two 
alternative famine severity measures at the district level: the rice-exchange rate of 
labour (i.e., a proxy for entitlement to food) and total production of rice (i.e., a proxy 
for food availability). Findings suggest that while both famine severity measures 
provide adverse effects of famine on the education outcomes, they also indicate that 
such effects are more pronounced in magnitude in districts where individuals had 
xv 
 
lower entitlement to food compared with food availability. This finding is consistent 
with Sen’s (1981) entitlement theory of explaining the famine in Bangladesh. This 
essay also finds that the famine has weaker effects on the cohorts who are from the 
households with higher wealth/income status possibly because these economically 
wealthier households were more likely to get access to food and be involved in 
hoarding behaviour. The findings also display relatively stronger effects for those 
who were exposed only in utero and only in the second year of life. The results are 
robust to a different set of treatment indicators and alternative specifications.  
The third essay, entitled ‘Double Catastrophe in Early-Life: How did 
Concurrent Flood and Famine in 1974–1975 Affect Child Survivors in Later-Life in 
Bangladesh?’, studies the adulthood consequences of early-life malnutrition of child 
survivors of the concurrent famine and flood in 1974–1975 in Bangladesh. In 
contrast to many other early-life studies that investigate only a single catastrophe 
(mostly famine), the main contribution of this essay to the literature is to exploit the 
occurrence of a double catastrophe in early-life. This essay employs the same 1991 
micro census data that include more than 10 million people in combination with three 
district-level flood severity measures, including maximum depth of flood inundation 
(ft), flood duration (months), and flood-affected areas as a percentage of the total 
area of the district, in addition to two district-level famine severity measures, 
including the rice-exchange rate of labour (i.e., a proxy for entitlement to food) and 
total production of rice (i.e., a proxy for food availability). Importantly, this essay 
exploits the spatial variation in flood and famine exposures and the cohort variation 
in years of birth around the above mentioned catastrophic events to disentangle the 
effects of flood and famine. The results of the benchmark model suggest significant 
negative effects on the education outcomes for those who were exposed to flood-led 
malnutrition in their first two years of life or in utero compared with the 
xvi 
 
counterfactual groups. Next, estimating the model by accounting for the effects of 
both flood and famine together, the essay finds that famine was a stronger factor than 
flood in explaining lower later-life education outcomes in Bangladesh. Further, 
interestingly but not surprisingly, findings suggest that the effects of early-life 
malnutrition are likely to be stronger on the individuals that were shocked by only 
famine than the others shocked by both famine and flood, since the number of the 
langarkhanas (free-food houses) per million people was fewer (if not absent) in the 
only-famine-affected districts suggesting that the government amassed the famine 
effect-smoothing interventions more strongly in the double-catastrophe areas. 
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Chapter 1  
1 Introduction 
 
1.1. Background 
In recent years, child malnutrition has received substantial attention around the globe 
(see Del Ninno & Lundberg 2005; Chen & Zhou, 2007; Maccini & Yang, 2009; 
Goudet et al., 2011; Neelsen & Stratmann, 2011; Alderman et al., 2012; Ampaabeng 
& Tan, 2013; Huang et al., 2013; Fan & Quian, 2015). This is not only because the 
malnourishment of children creates a significant burden on the national health 
system, but also it has bearings on the entire culture, social, and economic fabric of 
nations. It is also one of the key factors that hinders long-term development and 
impairs the human potential (see Amoroso, 2016).  
A recent strand in the literature investigates the adulthood socioeconomic 
outcomes of malnutrition as mediated by food shortages experienced during the 
critical period of childhood, such as prenatal and early postnatal periods (see Chen & 
Zhou, 2007; Neelsen & Stratmann, 2011; Ampaabeng & Tan, 2013; Fan & Quian, 
2015). From the public policy standpoint, it is imperative to understand the potential 
adulthood outcomes of exposure to the early-life malnutrition (see Barker, 2003; 
Victoria et al., 2008; Lumey et al., 2011), given that the cost of dealing with the 
effects of early-life malnutrition—whether in social, economic or human terms—is 
larger than the cost of preventing it (see Amoroso, 2016).  To provide an anecdote, 
malnutrition in all its forms costs $ US 2.8–3.5 trillion in developing countries, 
which is equivalent to 4–5% of the global gross domestic product (GDP) (see 
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Hoddinott & Yosef, 2015). Special attention to child nourishment therefore is not 
only a moral imperative but also an economic requirement as it would improve 
productivity and economic growth, reduce health care costs, and promote education, 
intellectual capacity and social development (see, Amoroso, 2016).  
Despite the burgeoning interest in long-term effects of early-life 
undernourishment, causal evidence on the relationship remains a challenge (see, 
Rasmussen, 2001; Walker et al., 2007). Exposure to early-childhood malnourishment 
is often not random and can result in biased estimates on a range of socioeconomic 
outcomes. To address this drawback, catastrophic events in many parts of the 
world—such as famines or floods—have been utilized by researchers as natural 
experiments as they constitute shocks on their survivors (see Almond et al., 2007; 
Chen & Zhou, 2007; Maccini & Yang, 2009; Meng & Qian, 2009; Neelsen & 
Stratmann 2011; Gørgens et al., 2012; Ampaabeng & Tan, 2013).  
1.2. Early-Life Malnutrition and Long-Term Outcomes: A Fateful 
Relationship 
Later-life outcomes are deeply conditional on early-childhood life as stated by 
‘‘foetal origins’’ hypothesis (see Barker, 1994; and 1998; Ellison, 2005). Anecdotal 
evidence also reveals that malnourished children are restricted in attaining their full 
potential in school, finding a suitable future job and earning sufficient income, which 
eventually perpetuates a cycle of poverty (see Sablah et al., 2011; Black et al., 2013). 
Ampaabeng and Tan (2013) illustrate several historical accounts that substantiate the 
lasting effects of early-life malnutrition on a series of socioeconomic outcomes in 
many parts of the world by examining either a famine or a flood as a natural 
experiment. The adulthood outcomes of exposure to such exogenous shocks are 
generally negative. For instance, the exposure to the Dutch famine in 1944–1945 was 
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associated negatively with various health outcomes in adulthood—such as glucose 
intolerance, hypercholesterolemia, high blood pressure, increased risk of breast 
cancer and obesity (see Roseboom et al., 2006), and epigenetic inheritance (see 
Lumey, 1992; Lumey & Stein, 1997). Similarly, exploiting the Great Chinese famine 
in 1959–1961 that resulted in an estimated 30 million excess human casualties (see 
Ashton et al., 1984), Chen and Zhou (2007) and Meng and Qian (2009) reported that 
child survivors of this famine achieved significantly lower height, worked fewer 
hours, and earned less several decades later as compared to their associated 
comparison groups. Further, using another devastating famine that struck Greece in 
1941–1942, Neelsen and Stratmann (2011) documented that famine displayed 
heterogeneous effects on the cohorts exposed to famine remaining in utero, during 
infancy and at one-year of age, even after around three to six decades later in terms 
of the likelihood of being literate, of completing upper secondary education, and also 
years of schooling. The negative effects were more pronounced for urban-born 
cohorts than rural-born cohorts.  
In contrast, in the Indonesian context, Maccini and Yang (2009) found that 
exposure to positive rainfall shocks in the critical period of early-childhood life 
caused greater positive schooling outcomes for female children. Importantly, 
anecdotal evidence also supports that the effects of early-childhood malnutrition on 
later-life outcomes may be reversible if the nutritional deficiencies are mitigated later 
in childhood (see Pollitt, 1984). To exemplify, in the context of Zimbabwe, 
Alderman et al. (2006) investigated the long-term effects of the early-life exposure to 
a drought-induced threat of famine in 1983–1984 and found that the exposures 
regained the loss of height, partially (if not fully) from the early-life exposure 
through the effective nutritional interventions in time.  
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1.3. This Thesis 
This thesis examines a range of socioeconomic effects of early-life malnutrition 
exposure exploiting three different crucial exogenous shocks in Bangladesh 
history—the 1942–1944 Great Bengal famine, the 1974–1975 Bengal famine, and 
the 1974 floods.  
To put the 1942–1944 Great Bengal famine and the 1974–1975 Bangladesh 
famine in perspective, Table 1.1 shows the numbers of people killed in famines in 
the 20th century across the world (see Devereux, 2000). Given the elongated 
typological list of famines along with excess death toll, this table reveals that the two 
Bengal famines are in the upper ranks of the tally (7th and 10th, respectively). Turning 
to floods, inundation of the Earth’s space is one of the most common catastrophes 
around the globe (see EM-DAT, 2011) and is a very frequent and annual incident in 
Bangladesh (see Mustafi & Azad, 2003; Rayhan, 2010). After achieving its 
independence in 1971, Bangladesh experienced the first most devastating flood in 
1974 (see Figure 1.1). In this regard, the 1942–1944 Great Bengal famine, the 1974–
1975 Bengal famine as well as the 1974 floods in Bangladesh merit separate 
inquiries for their long-term effects and are studied in the three stand-alone essays in 
this thesis.  
The first essay, entitled ‘Long-Term Effects of Early-Life Malnutrition: 
Evidence from the 1942–1944 Great Bengal Famine’, using the rich, nation-level 
1991 census data that include more than 10 million observations, examines the long-
term effects of the 1942–1944 Great Bengal famine on a range of socioeconomic 
outcomes—including literacy, the probability of working in agricultural sector, as 
well as the probability of living in a brick-wall house and concrete-roof house as 
wealth indicators. This essay employs the cohort fixed-effects model with the district 
fixed-effects model in its estimation exploiting a famine severity measure across 
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districts. Importantly, the severity measure is provided by the Industries Department 
(1944) and is based on destitution during famine, the amount of cultivated paddy 
land sold by rural families during famine, the number of cattle lost by rural families 
between 1943 and 1944, and deterioration in the economic conditions of rural 
families between 1943 and 1944 (see Mahalanobis et al., 1946). 
The results show adverse adulthood outcomes as observed in the census year 
of 1991 for cohorts exposed to famine in their first three years of life (i.e., the 1941–
1944 birth cohorts) compared with the control cohorts (i.e., the 1936–1939 and 
1946–1949 birth cohorts). In particular, this essay finds that famine-affected cohorts 
have significantly lower chances of being literate in adulthood and are associated 
with higher likelihood of employment in the traditional agricultural sector. Findings 
also suggest that famine-affected cohorts have a lower probability of living in houses 
with brick-wall and concrete-roof in adulthood. Interestingly, in terms of most 
outcomes, the adverse effects on the sample are more in districts with relatively 
greater famine intensity. As per famine effects on specific demographic groups, the 
essay finds heterogenous effects. In particular, in terms of literacy outcome, the 
adverse effects are more significant for males and Muslims compared to the 
associated control groups.  
The second essay, entitled ‘Food Availability or Food Entitlement? Throwing 
Light on Competing Explanations of the Causes of the 1974–1975 Bangladesh 
Famine’, investigates the effects of early-life malnutrition on adulthood outcomes 
exploiting the 1974–1975 Bengal famine as a natural experiment. Using the 1991 
micro census data that include more than 10 million people, this essay estimates the 
effects of famine on the individuals who experienced the famine episode in their first 
two years of life or in utero and a counterfactual group with no such malnutrition 
experience in their critical period of early-life. To ascertain the causal effects of the 
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famine, the essay includes the two-way interaction terms between treatment indicator 
representing the birth cohorts exposed to famine (i.e., 1972–1975 birth cohorts) and 
two district-level alternative famine severity measures—the rice-exchange rate of 
labour (i.e., a proxy for entitlement to food) and total production of rice (i.e., a proxy 
for food availability)—in estimation. 
The estimated results exploiting both severity measures demonstrate strong 
adverse education outcomes of the famine-led early-life malnutrition on its survivors 
in 1991. However, interestingly, the effects are stronger in districts where 
individuals’ entitlement to food is lower, compared to districts where food 
availability declined faster. These results are consistent and resonate with the 
Amartya Sen’s account of the causes of the 1974–1975 famine in Bangladesh (see 
Sen, 1981).  
This essay also considers whether the effects of famine vary across groups 
with three income/wealth indicators. The income/wealth indicators in the census 
dataset include, whether or not the individuals live in brick-wall houses, whether or 
not they live in concrete-roof houses, and whether or not they belong to the 
households with their own agricultural land. Crucially, we assume that in 1991, 
individuals were living in the same residential properties as their ascendants did. 
Given that the average age of our sample was 16 years as of 1991, this assumption is 
tenable (see Section 3.5.1 and Table 3.1 for details). Findings suggest that the effects 
of famine decrease significantly with higher wealth or income status. While not a 
direct evidence of hoarding, this result suggests that the ascendants with higher 
income/wealth status were more likely to get access to food and be involved in 
hoarding behaviour, and therefore, their offsprings were less likely to suffer long-
term adverse education effects. This essay also finds that famine has differential 
effects for the cohorts exposed to malnutrition only in utero, in utero and first year of 
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life, first and second years of life, and finally just the second year of life and the 
effects are relatively larger for the first and fourth groups.  
The third essay, entitled ‘Double Catastrophe in Early-Life: How Did 
Concurrent Famine and Flood in 1974–1975 Affect Child Survivors in Later-Life in 
Bangladesh?’, builds on the second essay because famine in 1974–1975 was 
concurrent with major floods in many parts of Bangladesh. Early-life rainfall shocks, 
but not floods, were generally exploited by the extant literature as a crucial source of 
exogenous shock (e.g., Maccini & Yang, 2009). This essay examines the adulthood 
socioeconomic outcomes of early-life malnutrition arising from double catastrophes, 
flood and famine, by utilizing the 1991 Bangladesh micro census data that include 
10.58 million observations. In this essay, we use three flood severity measures at the 
district level, which are the maximum depth of flood inundation (ft), flood duration 
(months), and flood-affected areas as a percentage of the total area in the district. The 
estimates of the two-way interaction terms between the treatment indicator (i.e., the 
cohorts born between 1972 and 1975) and three flood severity measures reveal that 
the adult education outcomes are significantly explained by the 1974 flood in 
Bangladesh. However, because flood in 1974 and famine in 1974–1975 coincided, it 
was highly likely that some cohorts exposed to flood were also exposed to famine. 
Hence, in order to know whether the adverse education outcomes in 1991 were 
mediated by early-life malnutrition evident through flood or famine, we control for 
famine exposure by the two district-level famine severity measures—the rice-
exchange rate of labour (i.e., a proxy for entitlement to food) and total production of 
rice (i.e., a proxy for food availability)—in our estimation. The estimated results 
suggest that the education outcomes are narrowed in a greater extent by famine 
rather than flood. Findings also suggest that the effects of early-life malnutrition are 
greater on individuals that experienced only famine compared to those that were 
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shocked by both famine and flood. An important explanation for this result is that 
there were fewer langarkhanas (free-food houses) per million people in the only-
famine-affected districts compared to the double-catastrophe districts. The most 
likely explanation of this result is that the Government of Bangladesh amassed the 
alleviation resources and the famine mitigation interventions in the double-
catastrophe areas. 
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Table  
Table 1.1: Ranking Of Famines In Terms Of Excess Death Toll In The 20th 
Century  
Years Country Excess Death Toll 
1958–1962 China 30,000,000-33,000,000 
1921–1922 Soviet Union 9,000,000 
1932–1934 Soviet Union (Ukraine) 7,000,000-8,000,000 
1927 China (Northwest) 3,000,000-6,000,000 
1943 China (Henan) 5,000,000 
1995–1999 North Korea  2,800,000-3,500,000 
1943* India (Bengal) 2,100,000-3,000,000 
1946–1947 & 1929 Soviet Union & China (Hunan) 2,000,000 
1979 Cambodia  1,500,000-2,000,000 
1974** Bangladesh  1,500,000 
1968–1970 Nigeria (Biafra) 1,000,000 
1983–1985 Ethiopia 590,000-1,000,000 
1920–1921 China (Gansu, Shaanxi) 500,000 
1991–1993 Somalia 300,000-500,000 
1972–1975 Ethiopia (Wollo & Tigray) 200,000-500,000 
1943–1944 Rwanda 300,000 
1988 & 1984–1985 Sudan (South) & Sudan (Darfur, Kordofan) 250,000 
1972–1973 India (Maharashtra) 130,000 
1913–1914 West Africa (Sahel) 125,000 
1969–1974 West Africa (Sahel) 101,000 
1982–1985 Mozambique 100,000 
1957–1958 Ethiopia (Tigray) 100,000-397,000 
1998 Sudan (Bahr el Ghazal) 70,000 
1966 Ethiopia (Wollo) 45,000-60,000 
1906–1907 Tanzania (South) 37,500 
1917–1919 & 1980–
1981 
Tanzania (Central), & Uganda (Karamoja) 30,000 
1974–1975 Somalia 20,000 
1944 Netherlands 10,000 
1903–1906 Nigeria (Hausaland) 5,000 
Source: Devereux, (2000). 
Notes: * This famine is known as the Great Bengal famine that is studied in the first essay of this 
thesis. 
          ** This famine is known as the 1974–1975 famine in Bangladesh that is studied in the second 
essay of this thesis. 
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Chapter 2  
Long-Term Effects of Early-Life Malnutrition: Evidence 
from the 1942–1944 Great Bengal Famine  
 
2.1. Introduction 
Child malnutrition has attracted substantial attention around the globe (see Pelletier 
et al., 1994; De Onis et al., 2000; Black et al., 2008). According to the World Health 
Organization Child Growth Standards, 32% (178 million) of children aged under five 
years in low- and middle-income countries had weight-for-age Z scores of less than 
−2 in 2005 (see De Onis & Blössner, 2003; Black et al., 2008). A significant body of 
literature has investigated the effects of early-life malnutrition on later-life outcomes 
(see Barker, 1994; and 1998; Chen & Zhou, 2007; Brown & Susser, 2008; Victoria 
et al., 2008; Lumey et al., 2011; Neelsen & Stratmann, 2011; Ampaabeng & Tan, 
2013). For example, a recent study suggested that more than 200 million children 
worldwide are less likely to reach their full cognitive potentials because of 
malnutrition (see McGregor et al., 2007). Akbulut-Yuksel (2009) and Doblhammer 
et al. (2011) found a causal link between early-life conditions and later-life health 
outcomes. Evidence has also shown that malnutrition in early-life is associated with 
adverse long-term health and a range of socioeconomic consequences (see Gráda, 
2010).  
Analysis of the effects of early-life malnutrition on later-life outcomes has 
faced the problem of establishing a causal relationship because exposure to adverse 
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shocks is often not random, leading to biased estimates for different socioeconomic 
outcomes (see Chen & Zhou, 2007). To overcome this problem, recent studies have 
examined nation-wide famines using natural experimental designs, which exploit 
exogenous variations in exposure to famines (see Chen & Zhou, 2007; Brown & 
Susser, 2008; Neelsen & Stratmann, 2011; Ampaabeng & Tan, 2013). Most of the 
extant literature considers the variations in exposure to famine across cohorts to 
address the causal relationship by comparing the variations in effects among the 
cohorts of individuals that were exposed to the famine at different stages of their 
early-life.1 This approach is often followed when the duration of the famine is very 
short, as this reduces the selection bias that might arise because of the effects of 
famine on fertility (see Song, 2009; Gørgens et al., 2012). In addition, it could be 
detrimental to use only the cohort variation because cohorts might experience several 
other shocks later in life.2 To overcome this problem, researchers have explored the 
cohort variation approach together with geographic variations relating to the intensity 
of famine exposure at the regional level (e.g., Chen & Zhou, 2007). 
The Chinese famine of 1959–1961 has received much attention in the health 
and development literature (see Almond et al., 2007; Chen & Zhou, 2007; Meng & 
Qian, 2009; Gørgens et al., 2012; Huang & Zhou, 2013). Notably, studies found that 
the Chinese famine had significant negative effects on survivors’ health and 
economic status and resulted in lower levels of schooling attainment in adulthood. 
Neelsen and Stratmann (2011) studied the 1941–1942 Greek famine and found that it 
had adverse effects on survivors’ education and labour market outcomes. 
                                                 
1 Using the cohort variation approach, Neelsen and Stratmann (2011) exploited the Greek micro 
census dataset and found that the effects were more pronounced for cohorts exposed as infants than 
those exposed at the age of one. Using a similar approach, Ampaabeng and Tan (2013) exploited the 
Ghana Education Impact Evaluation Survey dataset for the children in the 0–2 years of age group as 
opposed to the children in the 3–8 years of age group during the famine and found larger effects on 
the earlier group. 
2 Survivors of the 1942–1944 famine in Bangladesh might have been affected by the 1947 conflict, 
1971 liberation war and/or the 1974 Bengal famine, which could be the potential strong exogenous 
shocks. 
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Ampaabeng and Tan (2013) investigated the severe famine in Ghana in 1983–1984 
and found that early-childhood health played a significant role in later-life human 
capital accumulation. 
This essay investigates the long-term causal effects of early-life malnutrition 
on socioeconomic outcomes of child survivors using the 1942–1944 Great Bengal 
famine as a natural experiment. It utilizes the 1991 national census micro dataset that 
includes more than 10 million individuals. The key socioeconomic outcomes 
provided by this dataset and hence is used in this essay include literacy as a proxy of 
education,3 the probability of working in the agriculture sector as an employment 
outcome,4 and the probability of living in a brick-wall and concrete-roof house as 
wealth-related outcomes.5  
No study—to our knowledge—has hitherto empirically analysed the long-
term consequences of the 1942–1944 Great Bengal famine.6 The literature on this 
particular famine is very scant. Besides, the extant literature on this famine is mainly 
descriptive and concerned about its different causal triggers and regional variation in 
terms of its severity (see Mahalanobis et al., 1946, Sen, 1981). In addition, apart 
                                                 
3 Literacy is used as an outcome of interest for several reasons. First, it increases our understanding of 
the level of human capital by gauging the economic value of an individual’s skill set. That is, it 
facilitates better employment prospects and enhances the socioeconomic status of individuals and the 
economy as a whole (see Desai, 2012). Second, existing literature shows that there is a nexus between 
malnutrition in early-life and the literacy of adult survivors (see Neelsen & Stratmann, 2011). Finally, 
data on literacy are available in our census dataset, which is one of the strengths of a rigorous and 
systematic analysis of the long-term effects of famine on survivors. 
4 We use the probability of working in the agriculture sector as an outcome variable to analyse the 
effects of famine on labour market performance. The Great Bengal famine mainly affected the rural 
population, who were mostly involved in the agriculture sector (see Mahalanobis et al., 1946). In this 
regard, this outcome variable might be a good choice to analyse the effects of famine on employment 
consequences. 
5 We choose two wealth-related outcomes: the probability of living in a brick-wall house and/or 
concrete-roof house to represent individuals’ long-term earnings and social status. In brief, a house 
with a brick-wall and/or a concrete-roof is generally thought to be a well-structured house (see World 
Bank, 2010). Therefore, it is the most valuable asset for individuals in Bangladesh, and each 
household wants to live in a house with brick-wall and concrete-roof. 
6 Most of the extant literature on investigating the long-term consequences of famine-led malnutrition 
exploits mostly the 1959–1961 Chinese famine, the 1941–1942 Greek famine, and  the 1983–1984 
Ghanaian famine (see Almond et al., 2007; Chen & Zhou, 2007; Meng & Qian, 2009; Neelsen & 
Stratmann. 2011; Gørgens et al., 2012; Ampaabeng & Tan, 2013;  Huang & Zhou, 2013).  
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from the Chinese famine, no other famine in Asia has been subject to analysis for its 
long-term outcomes. Clearly, current economic retardation in Asia, and in particular, 
in Bangladesh, has strong roots in natural catastrophes like the 1942–1944 Great 
Bengal famine. Hence, studying the long-term consequences of this particular famine 
has unique merits that warrant a separate study. Taken together, this study 
contributes to the literature on famine exposure in developing countries by exploiting 
the 1942–1944 Great Bengal famine, using a nationally representative micro census 
data and focusing on early-life survivors with respect to the socioeconomic outcomes 
in adulthood. 
In our analysis, we combine the cohort fixed-effects with the district fixed-
effects to estimate variations in exposure to famine by cohorts and across districts7 
using a famine severity measure, as created by the Industries Department, 1944 (see 
Section 2.3.2 for details). This approach will control for any shock that each birth 
cohort could face in the later-life, as well as any source of time-invariant factors that 
may vary across districts. It is worth mentioning that in our estimation, we consider 
the famine effects for males and females, and Muslims and non-Muslims. Moreover, 
the essay discusses some critical sources of selection biases that are evident through 
migration, adult mortality, infant mortality, selection fertility, and omitted variables  
(see Section 2.3.3 for details). This essay also addresses the acute ‘age-heaping’ 
problem (see Section 2.3.3 and Table 2.1 for details) that exists in the census dataset. 
Thus, this essay contributes to the growing body of literature that considers the 
socioeconomic effects of famines by exploring a long-duration famine (e.g., Chen & 
Zhou, 2007; Meng & Qian, 2009).  
The results suggest that famine-affected cohorts achieved a significantly 
lower level of human capital later in life. Further, they were mostly employed in the 
                                                 
7 A district was the second largest administrative unit in the Bengal Province. 
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agricultural sector. This finding is similar to the finding of the previous literature that 
the individuals with lower level of human capital are more likely to be employed as 
agricultural workers. Findings also suggest that famine-affected people had lower 
wealth later in life as measured through housing characteristics. In turn, these 
adverse long-term effects of early-life malnutrition are consistent with Barker 
(1994)’s ‘‘foetal origins’’ hypothesis in epidemiological studies, which suggest a 
causal association between early-life conditions and later-life outcomes (Barker, 
1994; and 1998; Ellison, 2005). Notably, consistent with our prediction, the effects 
on the sample in terms of almost all of the socioeconomic outcomes were intensified 
in districts with a higher degree of famine intensity. We also find the heterogeneous 
effects of famine across different subsamples. For example, in terms of literacy 
outcome, consistent with the findings of early studies, the effects were stronger for 
males than females. The effects were also sensitive to religious status; that is, 
Muslims were more affected than non-Muslims. In addition, given the sizable 
impacts on socioeconomic outcomes, it is likely that early-life malnutrition mediated 
by famine is an important mechanism for the estimated long-term socioeconomic 
effects of the 1942–1944 Great Bengal famine. 
The rest of the essay is organised as follows: Section 2.2 presents an 
overview of the 1942–1944 Great Bengal famine, Section 2.3 explains the data and 
measurement, Section 2.4 presents the estimated results and Section 2.5 concludes. 
2.2. The 1942–1944 Great Bengal Famine: An Overview 
In 1942–1944, the undivided Bengal (now independent Bangladesh plus the Indian 
state of West Bengal)8 experienced one of the worst famines to have struck the 
region (see Padmanabhan, 1973), resulting in the loss of around three million lives 
                                                 
8 Map 2.1 displays the snap of the undivided Bengal in British Colonial Period. 
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(see Dyson and Maharatna, 1991; Devereux, 2000). Although the famine affected all 
parts of the Bengal (East and West), it was mainly concentrated in East Bengal (i.e., 
Bangladesh). Moreover, the Great Bengal famine in East Bengal affected almost all 
of the districts; however, the severity of the famine varied across the districts (see 
Mahalanobis et al., 1946). Section 2.3 discusses this in detail. 
As is the case with many other famines, the causal triggers of the Great 
Bengal famine in 1942–1944 are contentious. Anecdotal evidence supports the ‘Food 
availability decline (FAD) approach’ in explaining the famine in Bengal. Historical 
evidence also supports that there was a series of events that led to a decrease in food 
abundance. In particular, there were three major rice crops in Bengal: aman, which 
was harvested in winter; aus, which was harvested in autumn; and boro, which was 
harvested in spring. The most important crop was the aman, which accounted for 
around 74% of the total rice production in Bengal. However, a cyclone and three 
tidal waves during the winter of 1942 washed away much of this crop. Around the 
same time, the availability of rice decreased because of the interruption of normal 
imports of food grains from Burma9 as a result of its fall to the Japanese and the 
execution of the ‘boat denial policy’10 in East Bengal. In October 1942, the Bengal 
was struck by another devastating cyclone and tidal wave. As a result, 450 square 
miles were washed away by tidal waves, 400 square miles were affected by floods 
and 3200 square miles were damaged by wind and torrential rain. The number of 
death toll was 14,500 people. Many cattle (approximately, 190,000 in number) were 
also killed. The wealth and property of almost 2.5 million Bengalis were smashed. 
                                                 
9 Burma, which is now known as Myanmar, was the world’s largest exporter of rice during World 
War II (i.e., 1939–1945). Bengal had been importing rice from Burma since the 1930s (see Bayly & 
Harper, 2004). 
10 In 1942, residents in coastal regions were considered the target group to invade the Japanese. To 
mitigate this risk, all boats capable of carrying more than 10 passengers from these coastal regions 
were prohibited. This policy was known as the ‘boat denial policy’. As a result, fewer fish were 
caught in Bengal, inhabitants faced transportation problems, and the transfer of food grains from 
surplus-producing areas to deficit areas was interrupted (see Mansergh & Lumby, 1973). 
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The winter Aman crop was terribly damaged. Reserve stocks of rice in the hands of 
cultivators, consumers and dealers were destroyed (Tauger, 2003). A fungus 
‘Helminthosporium oryzae’ causing the disease known as ‘brown spot, attacked the 
rice crop destroying 50%–90% of some rice varieties (Padmanabhan, 1973). With 
this continual failure to locate large stocks, the government realized that there was in 
fact a serious shortage and declared the 1942–1944 Great Bengal famine (see Famine 
Enquiry Commission Report, 1945).11  
Sen (1981) initiated a new and major reorientation in the analysis of famines. 
For the 1942–1944 Great Bengal famine, he rejected the widespread ‘FAD approach’ 
as the causal trigger and instead contended that the more proximate cause was 
‘inflation’ and so-called ‘entitlement failure’.12 In his view, the occupation of Burma 
by the Japanese caused rice prices to soar as speculators began to purchase the 
Bengal crop. The cost of rice nearly increased in the six months following December 
1942. As a result, there was widespread panic, and the assumption that there would 
be a shortage of rice forced the price up further. However, statistics showed that 
although the overall availability of rice somewhat attenuated (i.e., 5%) in 1943 
compared with the previous year, it was still 13 times higher than in 1941, when 
there was no famine (see Sen, 1981). Indeed, rice prices were inflated by the rumour 
of a rice shortage and the actual availability of food and the market speculators had 
precipitated the famine. 
                                                 
11 A chart of chronology of the events for the 1942–1944 Great Bengal famine is presented in 
Appendix Table 2.1. 
12 Lexically, entitlement failure refers to people’s failure to buy or access food. According to Sen 
(1981), “entitlement is a collection of alternative bundles of goods and services from which people 
enjoy freedom to choose”. Sen used the example of a resident of a homeless shelter, who may have an 
entitlement consisting of one bundle: a tray of food and a ration of clothes. A cotton farmer who 
grows sack-loads of cotton each year can preserve the cotton or sell it and buy various combinations 
of other goods. All of these options constitute the individual’s entitlement. People’s entitlements can 
be exchanged for changes in the price of goods and services. In particular, if the price of one product 
plummets, the producers of that product may find that their food entitlements have failed and that they 
are vulnerable to starvation. This shows that a part of the total population can succumb to hunger 
despite having no aggregate food shortage. Likewise, during the 1942–1944 Great Bengal famine, a 
number of people died not because of the aggregate shortage of Bengal food, but because of their 
entitlement failure to buy or access foods (see Sen, 1981). 
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Between 1939 and 1943 (i.e., the duration of World War II), the price of food 
grains increased by more than 300%, whereas the wages of agricultural labourers13 
increased by only 30%. Agricultural labourers were badly affected, resulting in many 
deaths (see Bowbrick, 1987). The second most affected group was artisans (e.g., 
cobblers and carpenters) and small traders, who became unemployed because 
individuals were spending all of their money on food rather than services (see 
Mahalanobis et al., 1946). The famine led to deterioration in the economic condition 
and social status of around seven lakh14 families or 38 lakh individuals in Bengal in 
the context of selling tangible assets such as land, ploughs, cattle, jewellery, utensils, 
tools and implements (see Greenough, 1982). 
There is scant literature on the Great Bengal famine of 1942–1944. More 
specifically, no consensus has been reached regarding its exact start and duration. 
This essay follows Sen (1981)’s categorization of the famine into three phases: phase 
I was the ‘triggering period of famine’, which started in 1942 and lasted until March 
1943; phase II was the ‘acceleration time of famine’, which covered March 1943 to 
the beginning of December 1943; and phase III was regarded as the ‘worst period of 
famine’, covering the end of December 1943 and most of 1944. The severity of the 
famine due to starvation and malnutrition peaked in phase II. In contrast, the severity 
was at its worst level in phase III, with epidemics causing most of the deaths. 
 
 
 
                                                 
13 Agricultural labourers are those who work in the agriculture sector but do not have their own land, 
or have a negligible area of land. That is, they cultivate others’ land as wage labourers (see 
Mahalanobis et al., 1946). 
14 1 lakh = 100,000 = 0.1 million. 
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2.3. Data and Measurement 
2.3.1. Data on Demographic and Socioeconomic Variables 
The data used in this study are obtained from the Bangladesh Population and 
Housing censuses from the Integrated Public Use Microdata Series (IPUMS) website 
(see Minnesota Population Center, 2014). The IPUMS dataset provides individual-
level data from the 1991 Bangladesh census and contains 10.58 million individual 
observations representing 10% of the total population in Bangladesh.15 The census 
comprises basic demographic and socioeconomic information, including age, sex, 
education, employment and wealth status, for each individual in the household. 
The 1991 census dataset does not include information regarding individuals’ 
place of birth. Indeed, this would represent a challenge for our empirical estimates 
because the individuals included in our regression sample might have moved to 
another region.16 We address this issue in a number of ways, which are discussed in 
Section 2.3.3. Further, the 1991 census dataset does not contain the year of birth 
information but it reports the ‘age’ of individuals. We generated the ‘year of birth’ as 
ܻ݁ܽݎ	݋݂	ܤ݅ݎݐ݄ ൌ ܥ݁݊ݏݑݏ	ܻ݁ܽݎ െ ܣ݃݁ െ 117 Another concern is that this dataset 
                                                 
15 There are two recent census waves—the 2001 and 2011 census waves—that contain micro data, 
which are available on the IPUMS website (see Minnesota Population Center, 2014). However, we do 
not use these to avoid the adult mortality bias, which is discussed in detail in Section 2.3.3. 
16 Several significant events have occurred in the Bengal region over the years. For instance, the 
‘partition of India and Pakistan’ took place in 1947, when two sovereign states were created—namely, 
the Dominion of Pakistan (later split into West Pakistan and East Pakistan, which is now Bangladesh) 
and the Union of India (later known as the Republic of India). An estimated 14 million people were 
displaced across the regions during the partition, which was the largest mass migration recorded in 
human history (see Cutts, 2001). Importantly, human migration had not previously been prevalent in 
Bangladesh. 
17 Calculating year of birth from the age integers reported in a census is straightforward. The 
reliability of census data on age depends on so many things—for instance whether the surveyee 
knows the actual date of birth of the person in question, and whether they take the time to remember 
the age of each person in the house. Moreover, it is not unlikely in Bangladesh that people may seem 
to report them as younger than what they actually are. We subtract “1” in identifying the year of birth 
for more pronounced reasons. For example, the 1991 census in Bangladesh was conducted on 2 
March. If a person is born in April 1950, he is more likely to casually report his age as 40 years on the 
census day in spite of his actual age i.e., almost 41 years. Likewise, if he is born in December 1950, 
he may choose to report his age as 40 years as well. One issue may arise if this person is born in the 
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suffers from the so-called “age-heaping” problem (see Table 2.1 for details), which, 
in this essay, has been addressed by excluding the birth cohorts of particular years 
(see Section 2.3.3 for details). Finally, Bangladesh census data do not include month 
of birth information for the sample. Therefore, we utilize the 1941–1944 birth 
cohorts as our treatment group. The years of famine exposure were restricted to their 
first three years of life (see Section 2.3.3 for details).  
2.3.2. Data on 1942–1944 Famine Severity Measure 
In accordance with Mahalanobis et al.’s (1946) Survey Report, we adopt a famine 
severity measure that indicates the regional incidence of famine across the districts in 
Bangladesh. This severity measure was provided by the Industries Department 
(1944).18 Importantly, by this measure, affected districts were ranked by destitution 
(measured by the death, sickness, or unemployment of the chief earner in the family), 
the amount of cultivated paddy land sold by rural families out of desperation during 
the famine period, the number of cattle lost by rural families, and the deterioration in 
economic conditions of rural families that was explained by the shift in family 
occupation, where family occupation was defined as that particular occupation from 
which the greater part of the total family income was derived between 1943 and 
1944.19  
                                                                                                                                          
first quarter of 1950. As he might celebrate his birth day just before conducting the census survey, he 
tends to report his actual age as 41 years. In this case, our formula erroneously calculates his year of 
birth as 1949 instead of 1950. Nonetheless, birth days are not widely celebrated in Bangladesh. Also, 
even if individuals remembered their birth days correctly, our approach of subtracting 1 from the 
census year provides appropriate year of birth for the majority cohort born in March 03–December 31 
in a given year. We tabulate age of the sample along with our computed birth year for them in Table 
2.1. 
18 The Industries Department grouped 386 rural areas that were scattered over 86 districts in the entire 
Bengal (see Mahalanobis et al., 1946). 
19 There is an alternative famine severity measure provided by the Revenue Department (1944), which 
is mostly based on similar criteria to that of the Industries Department (1944), but ignores the 
deterioration in economic conditions of rural families (see Mahalanobis et al., 1946). Experimenting 
with this second severity index in the analysis does not change the main thrust of the results. Given its 
broader criteria, we prefer to use the severity index by the Industries Department in this essay. 
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The severity measure grouped the entire Bengal (including West and East 
Bengal) into four affected districts with respect to the relative intensity of the famine, 
including ‘very severely-affected’, ‘severely-affected’, ‘partially-affected’ and 
‘slightly-affected’ districts. In East Bengal (i.e., Bangladesh), there was no partially-
affected district. Hence, in our analysis, we consider three groups of affected 
districts. The numbers of districts included in the very severely-, severely- and 
slightly-affected districts in Bangladesh were: 12, 21 and 15, respectively (see Figure 
2.1 and Map 2.2).  
2.3.3. Econometric Approach 
A.  Specification of Treatment and Control Groups  
With a view to determining the long-term consequences of the Great Bengal famine, 
we use the birth cohorts born during the famine and those born in a range of years 
before and after the famine period as our regression sample from the 1991 census 
dataset. Following Sen’s (1981) three phases of famine (see Section 2.2 for details) 
and to be consistent with many extant literature (e.g., Barker, 1994; 1998; and 2003; 
Bryce et al. 2008; Neelsen and Stratmann 2011; Ampaabeng & Tan, 2013) related to 
the adulthood outcomes of early-life exposure to shocks, we delineate the individuals 
born between 1941 and 1944 as our treatment group.20 Considering that the famine-
affected cohorts born between 1941 and 1944, we confine the birth cohorts to four 
years before and after the famine period as our comparison group because they were 
not exposed to famine in their first three years of life. Thus, our comparison group 
comprises individuals born before 1941 and those born after 1944.  
                                                 
20 As the Bangladesh census does not contain month of birth information for the sample, we restricted 
those samples of birth cohorts as our regression sample that were exposed to famine in any year of 
their first three years of life, excluding the foetuses. 
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To be more specific, the years of exposure for those born in 1941 was three, 
as they confronted the famine of 1942 in their first year of life, 1943 in the second 
year and 1944 in the third year. Accordingly, those born in 1942 received treatment 
in their first three years of life, as they also experienced all three years of famine in 
their first three years of life. Finally, the years of exposure for those born in 1943 
were two, while it was only one year for those born in 1944. As mentioned above, in 
constructing our comparison groups we had to consider the birth cohorts between 
1937 and 1940 and the 1945 and 1948 birth cohorts as our comparison group. 
However, to countervail the existing “age-heaping” problem21 in the 1991 
Bangladesh census dataset, we excluded the birth cohorts in the “age-heaping” years, 
that is, 1940 and 1945 (see Potential Biases Section below and Table 2.1 for details). 
Consequently, we created our comparison group with 1936–1939 birth cohorts and 
1946–1949 birth cohorts to capture the individuals born four years before and after 
the famine. Thus, from the dataset, we exploit the individuals between 41 and 54 
years of age with the exclusion of the individuals who were 45 and 50 years of age in 
1991. 
To sum, the 1991 Bangladesh census wave, which comprises a large number 
of observations (i.e., 10.58 million), enables us to use 12 birth cohorts for our 
analysis. In turn, we attempt to escalate the homogeneity in unobserved factors 
across birth cohorts and thus limit the scope for sample selection. We also exploit 
another set of regression sample in our basic estimation by excluding the individuals 
born before the famine period from the control group to check the robustness of our 
benchmark results and verify whether our estimates are driven by control group 
definition. 
                                                 
21 “Age-heaping” is a common problem in developing countries and is generally associated with lower 
cognitive ability (see Baten et al. 2014). Theoretically, when data show systematic spikes for 
particular ages, such as those ending in ‘0’ or ‘5’, the age-heaping problem occurs. 
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B. Model Specification 
We examine the long-term effects of the famine on education, employment and 
wealth outcomes of survivors by estimating the following model: 
௜ܻ௝௧ ൌ 	ߚ଴ ൅	ߚଵܻ݁ܽݎݏ	݋݂_ܧݔ݌݋ݏݑݎ݁௜௧ ൅	ߚଶܯ݈ܽ݁௜ ൅	ߚଷܴ݈݁݅݃݅݋݊௜ ൅ ߚସܴݑݎ݈ܽ௜ ൅
	ߚହݕ݋ܾ௜	 ൅ 	ߚ଺ݕ݋ܾ݅ଶ ൅ ߙ௝ ൅ ߛ௧ ൅	Ɛ௜௝௧ (2.1) 
where ௜ܻ௝௧ is the measure of socioeconomic status for individual ݅, born in district ݆	
in year ݐ, with the measures of status, in alternate regressions, being literacy, whether 
the individual works in agriculture, whether the individual lives in a brick-wall 
house, and whether the individual lives in a concrete-roof house in 1991. 
ܻ݁ܽݎݏ	݋݂_ܧݔ݌݋ݏݑݎ݁௜௧ represents the number of years throughout which the 
individuals were exposed to the famine. It is used as a treatment variable that is equal 
to 3 if individual ݅ was born in 1941 or 1942 and was exposed to famine in their 
early-life. Accordingly, it is equal to 2 for 1943 birth cohorts and 1 for 1944 birth 
cohorts, while it equals 0 if individual ݅ was born between 1936 and 1939 and 1946 
and 1949.22 The ܯ݈ܽ݁௜	 dummy represents gender and is indicated by 1 if the 
individual is male and 0 otherwise. ܴ݈݁݅݃݅݋݊௜ is a dummy and is equal to 1 if 
individual ݅ is non-Muslim and 0 otherwise. The	ܴݑݎ݈ܽ௜	dummy refers to the rural 
residence and it equals to 1 if individual ݅	 lives	 in	 a	 rural	 area	 and 0 otherwise. 
Further, ݕ݋ܾ௜		is the year of birth of individual ݅. We also include the squared year of 
birth (i.e., ݕ݋ܾ௜ଶ		) to address the nonlinearities in the outcome trends (see Almond & 
Mazumder, 2005; Neelsen & Stratmann, 2011). ߙ௝	(i.e., district fixed-effects) is used 
to control the time-invariant factors that vary across districts. The inclusion of 
                                                 
22 An alternative approach is to use a binary treatment model where treatment takes a binary indicator 
for whether an individual has been affected by famine in early-life. The problem with this approach in 
this essay is that the “age-heaping” problem is severe for cohorts born in 1940 and 1945 (see below), 
and hence, the years-of-exposure approach is preferred. Experimenting with the binary treatment 
model does not pick up any statistically significant effects in this essay.   
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ߛ௧	(i.e., cohort fixed-effects) ensures that we control for any other shock that the 
individual may face in their entire life. In this model, each slope coefficient ‘ߚ’ 
represents the mean effects of undernourishment experienced on the outcome 
variable with one unit change of its independent variable, keeping the other 
independent variables constant. 
C.  Potential Biases 
The estimation of our benchmark model (Model 2.1) may suffer from several sources 
of selection bias, which are outlined below. 
The first potential source of selection bias is migration. Unlike many other 
countries—such as Ghana (see Ampaabeng & Tan, 2013)—migration is not 
restricted in Bangladesh. Moreover, remember that the 1991 census wave in 
Bangladesh did not include place of birth information for the samples. To address 
this issue, this study mainly focuses on the subsample of adult individuals in rural 
Bangladesh who were born in an array of years before and after the famine periods. 
This is because rural cohorts were exposed to famine to a larger extent than urban 
cohorts (see Gráda, 2010; Mahalanobis et al., 1946). Urban samples have been 
considered only as a reference group. To illustrate this more specifically, we can 
consider the internal migration rate23 in 1991, which was 10.02%. This means that 
for every 100 people, 10.02 individuals moved internally from one place to another. 
This included a rural-urban migration rate of 5.62%, which was around four times 
higher than the urban-rural migration rate of only 1.42% (see Socioeconomic and 
Demographic Report- 2011, National Series, Vol. 4). Therefore, we can assume that 
the rural sample captured in the 1991 census wave were mostly rural residents, and 
our estimates considering those people constitute an important source of 
                                                 
23 Internal migration refers to migration that takes place between regions within a country. 
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identification in our empirical analysis. Further, it is obvious in the historical record 
that a remarkable regional migration taken place during and immediately after the 
India–Pakistan partition period (i.e., in 1947). Vitally, in the aftermath of the 
partition, a huge population exchange occurred between the two newly formed states. 
Approximately 14.5 million people crossed the borders, including 7,226,000 
Muslims who moved to Pakistan from India and 7,295,000 Hindus who moved to 
India from Pakistan. Of approximately 7.2 million Muslims, the majority moved to 
West Pakistan, (i.e., currently known as Pakistan), while only 0.7 million moved to 
East Pakistan (i.e., currently known as Bangladesh) (see Census in India, 1951; 
Census of Pakistan, 1951). Therefore, we can assume that the Muslim sample24 
captured in our analysis were mostly Bangladeshi-born residents, and our estimates 
considering those people constitute an important source of identification in our 
empirical analysis.  
The second potential selection bias may arise through adult mortality bias in 
our estimates, which might underestimate the true effects of the famine. However, 
we only use the 1991 census wave, despite the 2001 and 2011 rounds being 
available. The average age in our regression sample is around 46 (see Table 2.2), 
while the average life expectancy at birth for the cohorts of interest was around 48 
years (see Figure 2.2) in 1991. Thus, it is very likely that we are able to avoid adult 
mortality bias.  
The third potential source of bias is infant mortality. Following Valaoras 
(1946) and Neelsen and Stratmann (2011), one can argue that individuals who were 
genetically stronger were more likely to survive. Therefore, it is plausible to assume 
that the 1991 census might have included only those individuals who were 
                                                 
24 Bangladesh is mainly a Muslim country. On an average, roughly 85% of the total sample was 
Muslims (see Section 2.4.1 and Table 2.2). 
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genetically stronger during the famine. Importantly, when analysing the information 
on those strong individuals, if we find that the effects of the famine still persist with 
regard to socioeconomic outcomes, we can assume that the 1991 census round would 
lead us to estimate the lower bound of the true effects. 
Fourth, selection bias may arise from positive selection through selective 
fertility, as women might be affected by physical irregularities, such as cessation of 
menstruation (i.e., amenorrhea), due to severe malnutrition (see Valaoras, 1946), or 
they may not conceive by choice because of malnutrition or disease. Further, lost 
births are more frequent among the poor, and this reduces the number of individuals 
with poor parents. If having poor parents is associated with inferior outcomes later in 
life, selective fertility reductions give the 1941–1944 birth cohorts better outcomes 
than the comparison groups. This will in turn cause downward bias in our estimates. 
Further concern for our empirical estimates is the so-called “age-heaping” 
problem that exists in the dataset (see Table 2.1). In particular, the census 
respondents in Bangladesh might have misreported their ages by rounding them to 
years ending in “0” or “5”. In other words, it could be that older people have 
misreported their ages, such that the 1991 census exhibits “heaping” in 1940 and 
1945. In this essay, this issue is identified in Table 2.1, which shows that about 33% 
and 34% of the sample reported to have been born only in 1940 and 1945, 
respectively, while the proportion is nearly 1% to 9% for those born in the rest of the 
years. To cancel out the “age-heaping” problem associated with 1940 and 1945, we 
exclude the cohorts born in 1940 and 1945 from our regression sample.  
Related to the potential omitted variable bias of the estimates, we can rely on 
our difference-in-differences model (i.e., Model 2.1). As we compare the enduring 
effects of early-life malnutrition on the individuals, who received treatment with the 
individuals, who were born just pre- and post-treatment period as a control group, 
30 
 
any selection bias caused by omitted variables—such as parental socioeconomic 
status or individual’s income level—common to both treatment and control groups 
are differenced out, and unlikely to contaminate our results. 
2.4. Long-Term Effects of the 1942–1944 Great Bengal Famine: 
Estimation Results 
2.4.1. Descriptive Statistics 
Table 2.2 presents the descriptive statistics of the key variables for our regression 
sample. It comprises 88,242 people as the treatment group who were born between 
1941 and 1944; and 168,528 people as the control group who were born between 
1936 and 1939 as well as 1946 and 1949. The regression sample includes a total of 
256,770 people. On average, the sample was exposed to famine in the first 0.84 years 
of life. The average age of the sample is approximately 46 years. The numbers of 
male and rural individuals are 56% and 82%, respectively. As shown, in the 1991 
census year, approximately 33% of all individuals in the sample was literate, 55% 
reported working in the agricultural sector, 11% lived in brick-wall houses and only 
6% lived in concrete-roof houses. Concerning the severity measure, around 23% 
were from slightly-affected districts, 41% were from severely-affected districts, 21% 
were from very severely-affected districts, and only 15% were from unaffected 
districts. 
2.4.2. Effects on Adulthood Literacy Outcome of Child Survivors 
Table 2.3 presents the estimated coefficients for the effects of the famine on literacy 
outcome. We estimate separate regressions for the full sample and subsamples 
subject to the famine severity measure. Recall that the famine severity measure 
provided by the Industries Department (1944) considers destitution, the amount of 
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cultivated paddy land sold by rural families during famine, the number of cattle lost 
by rural families between 1943 and 1944, and deterioration in the economic 
conditions of rural families between 1943 and 1944. 
Panel A of Table 2.3 estimates the regressions for the full sample. In this 
estimation, we first expect that the famine reduces the probability of the famine-
affected cohorts being literate. Second, we expect that the magnitude of these 
estimated outcomes vary with respect to the degree of famine intensity across the 
districts. In particular, the larger the degree of famine intensity across districts, the 
larger the estimated effects on famine survivors. In Panel A, we find that the 
estimated effect on sample exposed to famine in the slightly-affected districts is not 
statistically significant (Column 1 in Panel A). However, the probability of cohorts 
being literate in severely-affected districts is 0.76% lower, which is statistically 
significant at the 5% level (Column 2 in Panel A). Further, the effect in the very 
severely-affected districts is significant at the 1% level, and its magnitude is more 
than thrice that found in the severely-affected districts (Columns 2–3, respectively in 
Panel A). Thus, as anticipated, the severity measure provides significant coefficients 
for the full sample and the magnitudes of effects are greater in the districts with 
higher famine intensity. 
Panels B and C of Table 2.3 show the comparative estimated results between 
the male and female subsamples. Consistent with the findings of previous literature 
(e.g., Helger, 1949; Jakobovits, 1991; Doblhammer et al., 2011; Neelsen & 
Stratmann, 2011), we expect weaker effects for females than males. Comparing the 
estimates between males and females, we find significant effects for male cohorts 
born in the slightly-affected districts (Column 1 in Panel B), while we do not find 
any significant effects for female cohorts across the districts in Bangladesh (Columns 
1–3 in Panel C). Interestingly, the effects on males in the comparatively more 
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severely affected-districts are not statistically significant (Columns 2–3 in Panel B). 
The most plausible reason for this can be the mortality bias in males. In particular, in 
the severely- and very severely-affected districts, the male survivors are possibly 
stronger than those in slightly-affected districts. Hence, our estimation finds larger 
effects on the male survivors in the comparatively lower affected-districts. Thus, the 
findings suggest that the significant effects of famine are more persistent for males 
than females in terms of literacy as outcome and the magnitude of the effects for 
males is more pronounced in the comparatively lower affected districts. 
Panels D and E of Table 2.3 represent the estimated results for Muslims and 
non-Muslims. Panel D shows statistically significant outcomes for Muslim cohorts 
living in districts with a relatively higher intensity of famine. In the severely-affected 
districts, for instance, the effect is significant at the 5% level (Column 2 in Panel D). 
In contrast, Panel E shows no significant coefficients for non-Muslims. Thus, famine 
effects are sensitive to religion. To explain this result, we check whether the number 
of children or total family size in the census dataset is different for Muslim and non-
Muslim population, and we find no significant difference. In addition, we check 
whether Muslims live in rural areas in relatively greater proportion than in urban 
areas compared to non-Muslims, but we find no difference in those proportions. 
Thus, the explanation does not seem to be demographic-related. The only difference 
that is identified is that the proportion of Muslims living in severely-affected districts 
is greater than non-Muslims (42% vs 38% of the total population in the country), 
suggesting that Muslims happened to be located in severely-affected districts for 
historical reasons. 
Taken together, our estimation suggests that the long-term effects of the 
famine on famine exposure persist in relation to literacy outcomes and, in most 
cases, the effects increase with an increase in the degree of famine intensity across 
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districts. Further, adverse outcomes are more pronounced for males. Findings also 
suggest that the effects of famine in Bangladesh are sensitive to religion status. 
2.4.3. Effects on the Probability of Working in the Agricultural Sector 
Table 2.4 presents the estimated coefficients explaining the effects of the famine on 
child survivors in terms of the probability of working in agriculture. 
Panel A of Table 2.4 estimates the effects of the famine for the full sample. In 
this estimation, we expect a higher likelihood of working in the agricultural sector as 
a result of famine exposure. As famine-affected cohorts achieve a significantly lower 
level of literacy (see Panel A of Table 2.3), employment in agriculture might be the 
most suitable option for them. Importantly, the International Adult Literacy Survey 
Data (1994–1995) used by the Centre for Educational Research and Innovation 
shows that agricultural workers are considerably more likely to be illiterate than 
other workers in many countries (see Tuijnman, 2000). Our findings in Table 2.4 
suggest that cohorts born in the relatively more famine-affected districts are 
significantly more likely to work in agriculture (Columns 2–3 in Panel A). Hence, 
our findings are consistent with our prediction, that is, the higher likelihood of 
literacy of the cohorts is correlated with the higher likelihood of employment in 
agriculture across districts. 
The estimates in Panels B and C of Table 2.4 show the differences between 
males and females with regard to the probability of working in the agricultural 
sector. Our estimation does not find any significant effects for both males and 
females (Columns 1–3 in Panel B and C, respectively). However, the estimated 
outcome for males in the slightly-affected districts is close to significant (Column 1 
in Panel B). The pattern noticed here is indistinguishable from the results presented 
in Table 2.3 (see Column 1–3 in Panel B of Table 2.3). That is, the effects on males 
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in the comparatively more severely affected-districts (Columns 2–3 in Panel B) are 
not statistically significant due to the potential mortality bias in males. Interestingly, 
the famine-affected male individuals who were significantly more likely to be 
illiterate (see Column 1 in Panel B of Table 2.3), were more likely to be employed in 
agriculture (Column 1 in Panel B of Table 2.4). In turn, males suffered much more in 
terms of the probability of working in the agricultural sector outcome and the results 
again remain identical to the findings of previous studies (e.g., Helger, 1949; 
Jakobovits, 1991; Neelsen & Stratmann, 2011). 
Panels D and E in Table 2.4 report the results for Muslims and non-Muslims. 
The estimates in Panel D show that the effect of the famine is strongly significant on 
Muslims in the slightly-affected districts (Column 1 in Panel D). Panel E shows no 
significant results for non-Muslims (Columns 1–3 in Panel E). This implies that the 
effect of the famine is sensitive to religion status with regard to the probability of 
famine survivors working in agriculture in their adulthood (Columns 1–3 in Panels D 
and E). 
Thus, it is likely that famine leads the survivors to work in agriculture in the 
long-run and this likelihood increases with an increase in the famine intensity across 
districts. The adverse effects are more on males. Further, the effects of famine persist 
more on Muslim people. Our results also find the nexus between lower chance of 
literacy and higher chance of employment in agriculture for full sample and male 
individuals.  
2.4.4. Effects on Other Socioeconomic Outcomes 
Table 2.5 displays the effects of the famine on famine survivors in terms of the 
probability of living in a house with brick-wall. 
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Panel A of Table 2.5 estimates regressions for the full sample with an 
expectation that the effects of the famine will be greater on the individuals who were 
relatively more affected by famine, as a greater degree of famine intensity is 
associated with stronger famine effects on survivors. Our estimation suggests that 
around 0.02% of famine survivors from very severely-affected districts are less likely 
to live in houses with brick-walls in adulthood. The effect is highly significant at the 
1% level (Column 3 in Panel A of Table 2.5). 
We next examine the effects of famine on male and female children in their 
adulthood. In this estimation, we predict smaller effects on the female sample 
because, as a patrilocal country, females in Bangladesh commonly live with either 
their father or husband. In line with this prediction, our estimation in Panel B shows 
a strong significant negative effect of famine on males in severely-affected districts 
(Column 2 in Panel B). In contrast, the estimated results displayed in Panel C do not 
reveal any significant outcome for females (Columns 1–3 in Panel C). 
Analysing the coefficients of the outcomes in Panels D and E, we notice that 
the effect of the famine on Muslims is significant at the 5% level, while the effect on 
non-Muslims falls short of being considerably significant, with a t-statistic of 1.31—
an outcome that could be driven by selectivity in severely-affected regions (Column 
2 in Panels D and E, respectively). 
Table 2.6 explains the effects of the famine on survivors with regard to the 
likelihood of living in a concrete-roof house. The estimated results in Panel A of 
Table 2.6 show the effects of the famine for the full sample. Findings suggest that the 
probability of living in a house with a concrete-roof in very severely-affected 
districts decreases by around 0.01% with the increase of an additional year of famine 
exposure. In line with our expectation, the effect is also statistically significant 
(Column 1 in Panel A). Thus, as anticipated, we find statistically significant 
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estimates for the sample from districts with relatively greater famine intensity 
(Column 1 in Panel A). 
Panels B and C of Table 2.6 show the effects on males and females, 
respectively. Unlike the effects of famine on the previous wealth-related outcome 
(i.e., the probability of living in a house with brick-wall), this estimation also finds 
negative and significant effects on males. To illustrate this, the effect on males in the 
slightly-affected districts is considerably significant and in the very severely-affected 
districts it is significant at the 1% level (Columns 1 and 3 in Panel B), while the 
effects on females are not significant across the districts (Columns 1–3 in Panel C). 
Comparing the estimated effects between Muslims and non-Muslims in 
Panels D and E of Table 2.6, we find significant negative effects on Muslims in 
districts where famine severity is moderately higher (Column 2 in Panel D). 
Taken together, our estimates suggest that famine reduces the likelihood of 
living in a brick-wall house as well as concrete-roof house. The effects are also 
sensitive to, male-female status and religion differences across the districts.  
2.5.  Checking the Robustness of the Control Group  
Columns 1–3 in Table 2.7 present the estimated results of Model 2.1 comparing the 
effects of famine for the individuals, who were exposed to famine in their early-life 
and the maximum year of exposures was three with the ones, who were born after the 
famine periods. Supporting the results shown in Tables 2.3–2.6, in Table 2.7 we find 
that the effects of famine for the full sample are qualitatively similar across the 
famine-affected districts. Thus we can infer that our estimation is not driven by 
control group definition as well as the children born pre- and post-famine periods 
included in the control group for our benchmark estimation are similar. 
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2.6. Conclusions 
Using the 1991 national-level micro census dataset of Bangladesh that includes 10.58 
million individual observations, this essay is unique in quantifying the long-term 
effects of the 1942–1944 Great Bengal famine on the socioeconomic outcomes of the 
early-life survivors. In our estimation, we use the sample exposed to famine in their 
first three years of life, as well as a subsample focusing on the dichotomy between 
males and females, and Muslims and non-Muslims. In this essay, we apply the cohort 
fixed-effects model in combination with the district fixed-effects in our estimation. 
We also use a famine severity measure in our estimation to figure out the 
comparative effects of famine in our sample and the subsamples of districts with 
differing relative degree of famine severity. This famine severity measure was 
created by the Industries Department (1944) and is based on destitution, the amount 
of cultivated paddy land sold by rural families during famine, the number of cattle 
lost by rural families between 1943 and 1944, and deterioration in the economic 
conditions of rural families between 1943 and 1944. 
The empirical estimates show that exposure of child survivors significantly 
lowers their levels of human capital in adulthood. Findings also suggest that famine-
affected cohorts, who are less likely to be literate, are more likely to be employed in 
agriculture. Further, as an effect of famine, the survivors are less likely to have a 
higher socioeconomic status. Importantly, the effects of famine in terms of almost all 
of the long-term outcomes are higher with an increase in the severity of the famine 
across the districts in Bangladesh. By estimating subsample regressions, we find that 
the famine affects male and female respondents differently in the long-run. Further, 
the effects of the famine are significantly sensitive to religion status. Precisely, the 
individuals, who were exposed to the 1942–1944 Great Bengal famine in their first 
three years of life, were suffering even nearly five decades later in terms of the 
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aforementioned socioeconomic outcomes. In addition, given the sizable enduring 
effects on literacy, working in agriculture, and socioeconomic status, it seems that 
early-life malnutrition is substantially behind the estimated impact of famine on later 
life outcomes. 
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Tables 
Table 2.1: Age-Heaping: The Frequency Of Various Birth Cohorts 
Reported 
Age  
Computed
Birth Year  
Total 
Individuals 
Proportion of 
Individuals as a 
% of Total 
Sub-samples 
 Male Female Rural Urban 
54 1936 7,010 0.90 3,976 3,034 5,676 1,334 
53 1937 7,818 1.01 4,470 3,348 6,302 1,516 
52 1938 33,017 4.26 18,758 14,259 27,360 5,657 
51 1939 9,646 1.24 5,128 4,518 8,051 1,595 
50 1940 252,208 32.53 130,929 121,279 206,061 46,147 
49 1941 8,918 1.15 4,818 4,100 7,432 1,486 
48 1942 45,822 5.91 26,042 19,780 38,262 7,560 
47 1943 17,836 2.30 10,176 7,660 14,638 3,198 
46 1944 15,666 2.02 8,972 6,694 12,759 2,907 
45 1945 266,365 34.35 142,288 124,077 214,920 51,445 
44 1946 12,881 1.66 7,022 5,859 10,382 2,499 
43 1947 15,102 1.95 8,531 6,571 11,909 3,193 
42 1948 66,864 8.62 38,090 28,774 53,706 13,158 
41 1949 16,190 2.09 8,494 7,696 13,136 3,054 
Total  775,343 100.00 426,197 501,526 757,769 169,954 
Notes:  Birth year has been calculated by using the formula:		ܻ݁ܽݎ	݋݂	ܤ݅ݎݐ݄ ൌ ܥ݁݊ݏݑݏ	ܻ݁ܽݎ െ ܣ݃݁ െ 1. The 
census was conducted on 2 March, 1991. 1940 and 1945 are the “age-heaping” years, because the frequency 
numbers for all individuals, sub-sample of rural, urban, male and female in these two birth years ending in “0” or 
“5” are conspicuously larger than others. 
 
 
 
Table 2.2: Descriptive Statistics  
 Mean Standard 
Deviation 
Min Max Observations 
Years of exposure  0.840 1.246 0 3 256770 
Age 46.288 4.036 41 54 256770 
Birth year  1943.712 4.036 1936 1949 256770 
Male  56.267 49.606 0 100 256770 
Rural  81.635 38.720 0 100 256770 
Muslim  84.552 36.141 0 100 256770 
Literacy 32.641 46.890 0 100 256770 
Agricultural worker 55.115 49.738 0 100 145101 
Living in a brick-wall houses 11.264 31.625 0 100 255185 
Living in a concrete-roof houses 6.396 24.468 0 100 255185 
Affected (by the famine severity 
measure) 
     
Slightly-affected 22.101 41.493 0 100 256770 
Severely-affected 40.710 49.130 0 100 256770 
Very severely-affected 20.556 40.411 0 100 256770 
Unaffected  14.897 35.506 0 100 256770 
Notes: Sample is anyone living in Bangladesh in 1991 census round who were born between 1941 and 1944, 
1946 and 1949 as well as 1936 and1939. Due to the existing “age-heaping” problem in Bangladesh we have 
excluded 1940 and 1945 birth cohorts (i.e., the ones that end in “0” and “5”) from our sample. Years of 
exposure equals 3 if one was born in 1941 and 1942, while it equals 2 for the 1943 birth cohorts, 1 for the 
1944 birth cohorts and 0 for the 1946–1949 as well as 1936–1939 birth cohorts. By the severity measure as 
done by the Industries Department, 1944, affected-districts in Bangladesh were grouped into three: slightly-, 
severely-, and very severely- affected districts. This taxonomy was done based on four criteria—such as 
destitution, the amount of cultivated paddy land sold by rural families during the famine, the number of cattle 
lost by rural families between 1943 and 1944, and deterioration in the economic conditions of rural families 
between 1943 and 1944. 
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Table 2.3: The Effects Of Great Bengal Famine On Literacy: Coefficients On 
Years Of Exposure 
Regression 
Sample    
 Severity Measure 
(1) 
Slightly-Affected 
Districts 
(2) 
Severely-
Affected 
Districts 
(3) 
Very Severely-
Affected 
Districts 
Panel A:     
 Full Sample 
 
 
R2 
N 
-0.936 
(0.15) 
 
0.153 
56748 
-0.762** 
(2.78) 
 
0.169 
104533 
-2.302*** 
(3.77) 
 
0.198 
52782 
Panel B:     
 Male 
 
N 
-1.765* 
(2.09) 
31667 
-0.287 
(0.54) 
58330 
-1.433 
(0.12) 
30446 
Panel C:     
 Female 
 
N 
-0.805 
(0.12) 
25081 
-0.316 
(0.90) 
46203 
-1.000 
(0.04) 
22336 
Panel D     
 Muslim 
 
N 
-0.915 
(0.93) 
47679 
-0.719** 
(2.16) 
86689 
-1.207 
(0.68) 
47160 
Panel E     
 Non-Muslim 
 
N 
-0.738 
(0.52) 
9069 
-0.878 
(1.19) 
17844 
-1.763 
(0.04) 
5622 
     
Notes: The severity measure of famine has been provided by the Industries Department (1944) 
and is based on destitution, the amount of cultivated paddy land sold by rural families during the 
famine, the number of cattle lost by rural families between 1943 and 1944, and deterioration in 
the economic conditions of rural families between 1943 and 1944. Model 2.1 is estimated in each 
specification. The outcome is a dummy variable taking the value of 100 if literate, 0 otherwise. 
Years of exposure is the independent variable. Years of exposure equals 3 if one was born in 
1941 or 1942, while it equals 2 for the 1943 birth cohort, 1 for the 1944 birth cohort and 0 for the 
1946–1949 as well as 1936–1939 birth cohorts. All columns include district fixed-effects, cohort 
fixed-effects, male dummy, birth year, birth year squared, rural dummy, and Muslim dummy 
except that Panel B excludes male dummy, and Panel D excludes Muslim dummy. Robust 
standard errors are clustered at the district level. Absolute t-statistics in parentheses. *p<0.10, ** 
p<0.05, *** p<0.010. For brevity, we do not report the coefficients of control variables and the 
R2 values for the subsamples, but the results are available upon request. 
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Table 2.4: The Effects Of Great Bengal Famine On The Likelihood Of Working 
In Agriculture: Coefficients On Years Of Exposure 
Regression 
Sample    
 Severity Measure 
(1) 
Slightly-Affected 
Districts 
(2) 
Severely-
Affected 
Districts 
(3) 
Very Severely-
Affected 
Districts 
Panel A:     
 Full Sample 
 
 
R2 
N 
-0.200 
(0.80) 
 
0.101 
24574 
1.072* 
(2.29) 
 
0.196 
46381 
1.106*** 
(4.58) 
 
0.284 
22189 
Panel B:     
 Male 
 
N 
5.994 
(1.48) 
989 
-2.165 
(0.26) 
2424 
-8.136 
(0.01) 
1128 
Panel C:     
 Female 
 
N 
0.870 
(0.58) 
23585 
-0.065 
(0.03) 
43957 
-0.386 
(0.49) 
21061 
Panel D     
 Muslim 
 
N 
1.369*** 
(4.83) 
20774 
-0.466 
(0.06) 
38612 
-0.108 
(0.29) 
19923 
Panel E     
 Non-Muslim 
 
N 
-0.269 
(0.31) 
3800 
-0.582 
(0.91) 
7769 
1.895 
(0.30) 
2266 
     
Notes: The severity measure of famine has been provided by the Industries Department (1944) and 
is based on: destitution, the amount of cultivated paddy land sold by rural families during the 
famine, the number of cattle lost by rural families between 1943 and 1944, and deterioration in the 
economic conditions of rural families between 1943 and 1944. Model 2.1 is estimated in each 
specification. The outcome is a dummy variable taking the value of 100 if working in agriculture 
sector, 0 otherwise. Years of exposure is the independent variable. Years of exposure equals 3 if 
one was born in 1941 or 1942, while it equals 2 for the 1943 birth cohort, 1 for the 1944 birth 
cohort and 0 for the 1946–1949 as well as 1936–1939 birth cohorts. All columns include district 
fixed-effects, cohort fixed-effects, male dummy, birth year, birth year squared, rural dummy, and 
Muslim dummy except that Panel B excludes male dummy, and Panel D excludes Muslim 
dummy. Robust standard errors are clustered at the district level. Absolute t-statistics in 
parentheses. *p<0.10, ** p<0.05, *** p<0.010. For brevity, we do not report the coefficients of 
control variables and the R2 values for the subsamples, but the results are available upon request. 
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Table 2.5: The Effects Of The Great Bengal Famine On The Likelihood Of 
Living In A Brick-Wall House: Coefficients On Years Of Exposure 
Regression 
Sample    
 Severity Measure 
(1) 
Slightly-Affected 
Districts 
(2) 
Severely-Affected 
Districts 
(3) 
Very Severely-
Affected Districts 
Panel A:     
 Full Sample 
 
 
R2 
N 
-0.006 
(0.41) 
 
0.170 
56536 
-0.004  
(0.11) 
 
0.191 
104108 
-0.016*** 
(4.27) 
 
0.425 
52064 
Panel B:     
 Male 
 
N 
-0.502 
(0.86) 
31667 
-0.762*** 
(4.05) 
58330 
-1.098 
(2.19) 
30446 
Panel C:     
 Female 
 
N 
-0.417 
(0.05) 
25081 
0.228  
(0.67)  
46203 
-0.377 
 (0.33) 
22336 
Panel D     
 Muslim 
 
N 
-0.693 
(0.33) 
47679 
-0.529** 
 (2.81) 
86689 
-0.661 
(0.46) 
47160 
Panel E     
 Non-Muslim 
 
N 
-0.288 
(0.83) 
9069 
-0.823  
(1.31) 
17844 
-1.483 
(0.3) 
5622 
     
Notes: The severity measure of famine has been provided by the Industries Department (1944) and 
is based on: destitution, the amount of cultivated paddy land sold by rural families during the 
famine, the number of cattle lost by rural families between 1943 and 1944, and deterioration in the 
economic conditions of rural families between 1943 and 1944. Model 2.1 is estimated in each 
specification. The outcome is a dummy variable taking the value of 100 if living in a brick-wall 
house, 0 otherwise. Years of exposure is the independent variable. Years of exposure equals 3 if 
one was born in 1941 or 1942, while it equals 2 for the 1943 birth cohort, 1 for the 1944 birth 
cohort and 0 for the 1946–1949 as well as 1936–1939 birth cohorts. All columns include district 
fixed-effects, cohort fixed-effects, male dummy, birth year, birth year squared, rural dummy, and 
Muslim dummy except that Panel B excludes male dummy, and Panel D excludes Muslim 
dummy. Robust standard errors are clustered at the district level. Absolute t-statistics in 
parentheses. *p<0.10, ** p<0.05, *** p<0.010. For brevity, we do not report the coefficients of 
control variables and the R2 values for the subsamples, but the results are available upon request. 
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Table 2.6: The Effects Of Great Bengal Famine On The Likelihood Of Living In 
A Concrete-Roof House: Coefficients On Years Of Exposure 
Regression 
Sample    
 Severity Measure 
(1) 
Slightly-Affected 
Districts 
(2) 
Severely-Affected 
Districts 
(3) 
Very Severely-
Affected Districts 
Panel A:     
 Full Sample 
 
 
R2 
N 
-0.005 
(0.25) 
 
0.142 
56536 
-0.002 
(0.06) 
 
0.163 
104108 
-0.012** 
(2.34) 
 
0.334 
52064 
Panel B:     
 Male 
 
N 
-0.749* 
(2.11) 
31667 
-0.285 
(0.89) 
58330 
-0.630*** 
(3.94) 
30446 
Panel C:     
 Female 
 
N 
-0.269 
(1.32) 
25081 
-0.233 
(0.88) 
46203 
-0.205 
(0.04) 
22336 
Panel D     
 Muslim 
 
N 
-0.575 
(0.18) 
47679 
-0.418** 
(2.26) 
86689 
-0.576 
(0.14) 
47160 
Panel E     
 Non-Muslim 
 
N 
-0.355 
(1.32) 
9069 
-0.508 
(0.98) 
17844 
-1.117 
(0.01) 
5622 
     
Notes: The severity measure of famine has been provided by the Industries Department (1944) and 
is based on: destitution, the amount of cultivated paddy land sold by rural families during the 
famine, the number of cattle lost by rural families between 1943 and 1944, and deterioration in the 
economic conditions of rural families between 1943 and 1944. Model 2.1 is estimated in each 
specification. The outcome is a dummy variable taking the value of 100 if living in a concrete-roof 
house, 0 otherwise.Years of exposure is the independent variable. Years of exposure is the 
independent variable. Years of exposure equals 3 if one was born in 1941 or 1942, while it equals 2 
for the 1943 birth cohort, 1 for the 1944 birth cohort and 0 for the 1946–1949 as well as 1936–1939 
birth cohorts. All columns include district fixed-effects, cohort fixed-effects, male dummy, birth 
year, birth year squared, rural dummy, and Muslim dummy except that Panel B excludes male 
dummy, and Panel D excludes Muslim dummy. Robust standard errors are clustered at the district 
level. Absolute t-statistics in parentheses. *p<0.10, ** p<0.05, *** p<0.010. For brevity, we do not 
report the coefficients of control variables and the R2 values for the subsamples, but the results are 
available upon request. 
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Table 2.7: The Effects Of Famine On The Adulthood Outcomes: Coefficients 
On Years Of Exposure (Sensitivity Tests Using Only People Born After Famine 
As Control Group) 
Regression Sample    
 
(1) 
Slightly-Affected 
Districts 
(2) 
Severely-
Affected 
Districts 
(3) 
Very Severely-
Affected 
Districts 
Literacy 
 
-1.193 
(1.66)  
-0.857** 
(3.66) 
-3.481*** 
(5.06) 
N 44190 80579 41107 
    
Working in agriculture -0.290 
(0.93) 
1.436* 
(2.33)  
1.221*** 
(4.67) 
N 25006 44949 23919 
    
Living in a brick-wall 
house 
-0.007 
(0.45) 
 
-0.004 
(1.34) 
 
-0.016*** 
(4.39) 
 
N 44021 80232 40531 
    
Living in a concrete-roof 
house 
-0.296 
(1.15) 
 
-0.625 
(1.58) 
 
-1.780** 
(2.59) 
 
N 44190 80579 41107 
Notes: The severity measure of famine has been provided by the Industries Department 
(1944) and is based on destitution, the amount of cultivated paddy land sold by rural families 
during the famine, the number of cattle lost by rural families between 1943 and 1944, and 
deterioration in the economic conditions of rural families between 1943 and 1944. Model 2.1 
is estimated in each specification. The outcomes are dummy variables taking the value of 100 
if literate, working in agriculture, living in a brick-wall house, and living in a concrete-roof 
house, 0 otherwise. Years of exposure is the independent variable. Years of exposure equals 
3 if one was born in 1941 or 1942, while it equals 2 for the 1943 birth cohort, 1 for the 1944 
birth cohort and 0 for the 1946–1949 birth cohorts. All columns include district fixed-effects, 
cohort fixed-effects, male dummy, birth year, birth year squared, rural dummy, and Muslim 
dummy. Robust standard errors are clustered at the district level. Absolute t-statistics in 
parentheses. *p<0.10, ** p<0.05, *** p<0.010. For brevity, we report only the coefficients 
for full sample. We do not report the coefficients of control variables and the R2 values for 
the subsamples, but the results are available upon request. 
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Figures 
Figure 2.1: Famine Intensity Across Districts  
(By Industries Department) 
 
 
Source: Constructed by Author using the information reported in the Industries Department Report, 
Government of Bengal (1944) and cited by Mahalanobis et al., (1946). 
Notes: Class A, Class B, Class C-1, and Class C-2 represent very severely-, severely-, partially-, and 
slightly-affected districts, respectively. The subdivision ‘Goalanda’ belonging to Class A, is now 
admitted as an upazila under the District ‘Rajbari’ of Bangladesh. The subdivision ‘Bakharganj’ in 
Class B, is now an upazila (i.e., the third largest administrative unit in Bangladesh.) under ‘Barisal’ 
District. Lastly, Lalbagh in Class C-2, now belongs to Dacca (old name) / Dhaka (new name) district. 
Therefore, for empirical analysis, this thesis uses Goalanda as Rajbari district, Bakharganj as Barisal 
district, and Lalbagh is included in Dhaka district under class A. 
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Source: World Development Indicators, 2013. 
Figure 2.2: Life Expectancy In Bangladesh 
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Maps 
Map 2.1: Bengal (Bangladesh Or East Bengal And India Or 
West Bengal) In British Colonial Period 
 
 
 
 
 
 
 
 
 
 
 
Source: http://www1.american.edu/ted/ice/Bangladesh.html. 
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Map 2.2: Famine Affected Districts 
 (By Industries Department) 
Source: Data presented in this Map are obtained from Ó Gráda, 2010.
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Appendix 
Appendix Table 2.1: Chronology Of The Events For Triggering The 1942–
1944 Great Bengal Famine (At A Glance)  
Dates Major Events 
February 1942 A cyclone and three tidal waves  
7 March 1942 Defeat of Burma to the Japan and  stopping 
the import of rice from Burma to Bengal  
May 1942 Boat denial policy to decline the export of food 
from surplus region to the deficit region 
October 1942 Cyclone  and  helminthosporium oryzae 
fungus 
Between 1939-1943 The increase in the price of food grains by 
more than 300%, but the increase in the 
wages of agricultural labourers by only 30% 
Source: Famine Enquiry Commission Report, 1945. 
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Chapter 3  
Food Availability or Food Entitlement? Throwing Light on 
Competing Explanations of the Causes of the 1974–1975 
Bangladesh Famine 
 
3.1. Introduction 
One of the paramount explanations for the large observed cross-country variations in 
economic performance is the disparities in human capital across countries (see 
Mankiw et al., 1992; Barro & Lee 1996; Kalaitzidakis et al., 2001). A corpus of 
studies suggests that health is a key factor for human capital outcomes in developing 
countries (see Bleakley, 2010). In addition, early-childhood malnutrition is one of the 
principal components in human capital formation in any country (see Ampaabeng & 
Tan, 2013). Several studies also documented consistent relationship between the 
early-life conditions and later-life outcomes (see Doblhammer et al., 2011). In 
particular, the adverse effects appear to be acute for individuals if they experienced 
the malnutrition episode while in utero or in their first two years of life (see Bryce et 
al., 2008) 
An investigation of the impacts of early-life malnutrition on later-life 
outcomes confronts the problem of establishing a causal relationship because 
exposure to any adversarial shock is often not random (see Chen & Zhou, 2007). To 
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address this drawback, a recent strand of literature exploits nationwide famines using 
a natural experimental design in that they provide exogenous variation in exposure to 
malnutrition (see Neelsen & Stratmann, 2011). The first approach in this connection 
utilises only the cohort variation, which is known as the treatment-control approach. 
Following this approach, researchers compare the birth cohorts that experienced the 
shock just before or just after birth. This approach is commonly used when the 
duration of the famine is very short because the short duration allows less chance of 
selection bias that might arise because of the impacts of famine on fertility (see 
Song, 2009; Gørgens et al., 2012). However, producing estimates from only this 
approach could be questionable because cohorts might experience several other 
shocks in their life-time. To tackle this issue, researchers use the cohort variation 
approach together with the regional variation pertaining to the intensity of famine 
exposure. In particular, a growing body of literature utilises famine-related mortality 
at the regional level as a famine severity measure. This is done in combination with 
cohort fixed-effects to ensure control for any shock that each birth cohort might 
experience later in life. 
In this connection, the Chinese famine of 1959–1961 has received substantial 
attention in the literature for its effects in the long-run (see Almond et al., 2007; 
Chen & Zhou, 2007; Ampaabeng & Tan, 2013; Huang & Zhou, 2013). Findings 
suggest that the Chinese famine had significant negative effects on the survivors’ 
education, height, cognitive skill, labour supply and earnings in adulthood. Neelsen 
and Stratmann (2011) examined the 1941–1942 Greek famine and found that it had 
adverse effects on education and labour market performance for its survivors. An 
analysis considering the potato famine in the Dutch in 1944–1945 reported that 
famine negatively affected its survivors in later-life (see Stein et al., 1975; Scholte et 
al., 2015).  
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This essay investigates the 1974–1975 Bangladesh famine using the 1991 
micro census dataset that contains 10.58 million individual observations representing 
10% sample of the Bangladesh population. To the best of our knowledge, this is the 
first study to analyse this particular famine empirically with respect to its later-life 
education outcomes for its child survivors.25 The major contribution of this essay to 
the literature is not only to empirically analyse the 1974–1975 Bangladesh famine 
itself, but also to shed light on its origins with respect to two competing explanations 
on the causal triggers of famine. In most cases, the decline in food availability 
(shortly named as FAD) is thought to act as the principal causal trigger of famines.26 
However, Sen (1981) posited the ‘entitlement approach’,27 arguing that 
disproportionate access to available food supply, which is induced by hoarding, 
inflation, and more generally, weak distributional mechanisms, is the major cause of 
the famine. This essay exploits the data on the district-wise28 differences in the rice29 
exchange-rate of labour, and rice availability in the famine year compared with the 
preceding year (see Sen, 1981) to examine the long-term consequences of the 1974–
1975 Bangladesh famine. In particular, we utilize the data on the change in the rice-
exchange rate of labour as a proxy for entitlement to food (reflecting food hoarding, 
inflation, and speculation) and the change in rice production as a proxy for food 
availability at the district level.  
                                                 
25  Extant literature on the 1974–1975 Bangladesh famine is mainly descriptive and concerned about 
its causal triggers and regional variation in terms of its severity. 
26  The food availability approach explains famine to be a result of a decline in food supply.  
27 The entitlement approach reveals that some people in a society lose their entitlement to food despite 
more production of it. The extant literature suggests that in Bangladesh during 1974, a flood led to a 
massive unemployment, particularly among landless agricultural labourers, smallholder peasants and 
tenants. Although food availability did not decline, food prices began to rise sharply because of 
hoarding, inflation and speculation about future price increases (see Sen, 1981, Dyson, 1991, 
Hernández-Julián et al., 2014). Hence, the unemployed people lost their ability/entitlement to food. 
28 A district was the second largest administrative unit in Bangladesh. Basically, there were 19 
districts (greater) in Bangladesh in the famine years. 
29  Rice is the staple food in Bangladesh. 
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Taken together, this essay exploits the regional disparities in famine severity 
together with differences in education outcomes across cohorts as a crucial source of 
exogenous variation to identify the causal effects of famine. Our results document 
that the famine-affected cohorts have significantly lower levels of literacy and higher 
levels of primary school dropout in later-life.30 Crucially, we find that the effects of 
famine on education outcomes are more dominant in districts where individuals have 
lower entitlement to food compared to food availability. We also utilize three 
income/wealth indicators available in the census dataset—including whether or not 
the individuals living in brick-wall houses, whether or not they live in concrete-roof 
houses, and whether or not they belong to households having own agricultural land. 
We find that the probability of being literate and of not dropping out from primary 
school is greater for a famine-affected person living in a brick-built and concrete-
roof house and belonging to a household with own agricultural land from a district 
with more rice production during the famine than the associated comparison group. 
We also find heterogeneous effects for cohorts exposed to famine only in utero, in 
utero and the first year of life, the first and second years of life, and finally just the 
second year of life during the famine, with the strongest effects for the foetuses and 
two-year-old children. Importantly, given the decent impact on human capital 
formation, it is evident that early-life malnutrition arising from the famine in 1974–
1975 is a crucial source of mechanism for the estimated long-term education effects 
in Bangladesh. In addition, we use a set of alternative treatment dummies and 
alternative specifications, including three-way interaction terms among treatment 
dummies, the change in rice production (i.e., sometimes mentioned as the second 
severity measure of famine in the rest of the part of this essay), and any of the three 
                                                 
30 The reasons behind choosing literacy and primary school dropout are mentioned in Section 3.4.1. 
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income/wealth indicators (mentioned above) to check the sensitivity of our estimated 
outcomes.  
The remainder of the essay is organized as follows. In section 3.2, we briefly 
provide an overview of the 1974–1975 Bangladesh famine. Section 3.3 explains the 
data and measurement, section 3.4 introduces the empirical approach, section 3.5 
discusses estimation results, and section 3.6 concludes. 
3.2. The 1974–1975 Bengal Famine: An Overview 
Just three years after the liberation war in 1971, Bangladesh experienced a fatal 
famine that is considered the worst in the recent history of famines around the 
globe.31 This famine struck in June 1974 and started to wane by the end of that year, 
but officially ended in July 1975 (see Kagy, 2012). Importantly, its most severe 
period was July 1974 to October 1974 (see Alamgir, 1980; Hernández-Julián et al., 
2014). Within this short duration, the famine arguably claimed around one and a half 
million of excess death toll (see Alamgir, 1980; Schendel, 2009). Further, this famine 
occurred in all of the districts in Bangladesh, but was strenuous in some specific 
districts, particularly those that were affected by a concurrent flood. To be more 
specific, the spatial famine intensity was associated with flood exposure (see Sen, 
1981).32 More specifically, according to the first famine survey by the Bangladesh 
Institute of Development Studies (BIDS), 1974, the three most famine-affected 
districts were Mymensingh, Rangpur, and Sylhet.33  
                                                 
31 Bangladesh achieved its independence on 16 December 1971 after nine months of battle with 
Pakistan. 
32 Map 3.1 shows the snapshot of flood-prone districts in Bangladesh. 
33 This survey was conducted in November 1974 on 19 districts (greater) and the most affected 
districts were identified in terms of maximum depth of flood inundation being, six feet and above, the 
maximum periods of flood and number of persons seeking relief during the famine (see Alamgir, 
1980). 
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In the first few subsequent years after independence, Bangladesh was listed as 
one of the poorest nations in the world because of its socioeconomic background. In 
1974, as an illustration, nearly 90% of its total population lived in rural areas and the 
economy was agro-based. Although the agriculture sector contributed to 60% of the 
national gross domestic product and supplied employment opportunities to almost 
80% of the population, a key idiosyncrasy of the majority of individuals was not 
obtaining access to their key capital asset, that is, land. In addition, life expectancy 
was 47 and 49 years for males and females, respectively. Approximately 15% of all 
children died before reaching age five, and over 50% of households consumed less 
than the minimum calorie requirements. Moreover, the nation of 75 million people 
had just experienced a protracted civil war and the state machinery was corrupt and 
incompetent (see Quddus & Becker, 2000). It is noteworthy that from March 1974, 
the price of rice started to upturn sharply (see Hernández-Julián et al., 2014). Figure 
3.1 presents the average price of rice in Bangladesh for the period of July 1972 to 
June 1976. 
With the above-mentioned fragile socioeconomic conditions, even the 
slightest shock could induce starvation to the nation. In reality, heavy rainfall and a 
series of troubling floods along the Brahmaputra River started in June 1974 and 
destroyed a major part of the aus (the principal rice crop harvested in July–August). 
Flood also washed away the seedlings of the aman (the second most principal rice 
crop), as its transplanted period was between July and September. Flood also 
affected a part of boro (another principal rice crop), since its harvesting period was 
April–June. Another important issue was that the import of food grains from abroad 
was approximately 28% lower in 1974 than in the preceding year (see Alamgir, 
1980). Like many other developing countries, Bangladesh had been receiving regular 
food aid from the United States. However, this food aid was severely threatened in 
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1974 when the United States withheld 2.2 million tons of food aid and the then-
United States ambassador to Bangladesh made it clear that the United States could 
probably not continue to commit food aid because of the jute exporting policy of 
Bangladesh to Cuba. These combined issues led to a food crisis in Bangladesh. This 
background to the Bangladesh famine is explained in terms of the food availability 
decline (FAD) approach.  
Despite the above events persisting, the quantity of rice production in 
Bangladesh did not decline. To exemplify it, we can report that the total production 
of rice in 1974 was roughly 13% more than it had been in 1973, while the available 
food grains to feed people in 1974 was 12.36 million tons, which was almost 7% 
more than it had been in 1973 (see Alamgir & Salimullah, 1977; Alamgir, 1980; and 
Sen, 1981).34, 35 Further, if we take into account the inter-regional aspect, we find 
that there was a substantial increase in rice production in the three most affected 
districts—Mymensing, Rangpur, and Sylhet (22, 17, and 10%, respectively)—
between 1973 and 1974 (see Alamgir & Salimullah, 1977; Alamgir, 1980).  
Taking into consideration of the above facts, unlike previous famines that 
occurred in several countries, such as the 1944–1945 famine in Vietnam, and the 
1959–1961 famine in China, the shortfall in food supply commonly known as the 
FAD approach could not alone explain the 1974–1975 Bangladesh famine. In this 
respect, Sen (1981) put forward a compelling account on the increased price of rice 
and the reduced purchasing power of rice to explain famine, commonly known as the 
“entitlement approach”.  Sen argued that the price of rice was escalating and the rice-
exchange rate of people was declining during the famine. 
                                                 
34 The data of food production in 1974 included the aman crop harvested in the preceding year, i.e., 
November 1973–January 1974, when there was no flood (see Sen, 1981). 
35 A chart of chronology of the events for the1974–1975 Bangladesh famine is presented in Appendix 
Table 3.1. 
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While the reasons of the uncontrolled increase in rice price were difficult to 
articulate fully, the key contributing factors were assumed to be macroeconomic, for 
example, inflation and speculation about future price increases (see Sen 1981; 
Dyson, 1991; Hernández-Julián et al., 2014). Floods and the cessation of food aid 
from the United States created a rumour of famine, which led to hoarding of the 
available food by some groups of people and the escalation of rice prices in the 
market. Meanwhile, other people lost their entitlements to food as they lost their 
employment and income because of floods. Exploring the available data on the 
decline in rice-exchange rate of labours between June and October 1974 at the 
district-level, we find that the three most affected districts, as mentioned before, are 
the top-ranking districts (see Sen, 1981). That is, the greater the decrease in rice-
exchange rate in a district, the greater the severity of famine of that district. 
This famine affected the waged labourers and landless labourers most of all. 
Importantly, the ‘crude death rate’ among landless families was three times higher 
compared with families with three or more acres of land (see Chen & Chowdhury, 
1977; Currey & Hugo, 2012). 
3.3.  Data and Measurement 
3.3.1. Data 
The main data used in this study are from the Bangladesh Population and Housing 
Censuses available on the Integrated Public Use Microdata Series (IPUMS) website 
(see Minnesota Population Center, 2014). The IPUMS dataset provides person-level 
data from the 1991 Bangladesh census round, including 10.58 million person-
observations representing 10 percent sample of Bangladesh population.36 This census 
                                                 
36 The IPUMS also include the two latest census rounds, the 2001 Bangladesh census and the 2011 
Bangladesh census waves containing micro data. However, we do not use these two rounds because to 
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round contains some basic demographic and socioeconomic information for each 
individual in the household.  
The 1991 census wave does not include the information on the place of birth 
of the sample. Indeed, this might be a challenge for our estimation since the 
individuals included in our regression sample might have migrated across regions. In 
particular, the specification without controlling for birth place information might 
have an upward bias. However, we are fortunate to obtain the data on inter-district 
net migration for the years 1974–1981, which was published in Bangladesh Bureau 
of Statistics (1984) and reported by Nabi (1992). We merge this data with our census 
dataset and use in our analysis to address this potential selection issue (see Section 
3.4.3 and Map 3.4 for details). Further, the 1991 census dataset does not contain the 
birth year information of its sample. However, we have been able to compute this 
information using the available age variable in the dataset.37  
3.3.2 Description of Variables 
A.    Dependent Variables 
In examining the long-term effects of famine on education, we use ‘literacy’ as one 
of our main outcomes of interest. It is specified as 100 if a person is literate and 0 
otherwise. We pick literacy as an education indicator for at least two reasons. First, it 
helps understanding the level of human capital by gauging the economic value of an 
individual’s skill set. More precisely, it facilitates better employment prospects and 
provides a better socioeconomic status to the individuals and the economy as a whole 
                                                                                                                                          
quantify the long-term effects of famine on education outcomes in terms of literacy and primary 
school dropout, we need a sample with young ages and this feature of the data is available only from 
1991.  
37 We use the following formula to calculate birth year. ܻ݁ܽݎ	݋݂	ܤ݅ݎݐ݄ ൌ ܥ݁݊ݏݑݏ	ܻ݁ܽݎ െ ܣ݃݁ െ
1.	The reason to use this formula is described in our first essay (see Section 2.3.2 in this thesis). We 
tabulate age along with our computed birth year in Table 3.8. 
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(see Desai, 2012). Extant literature tells us that there is a nexus between malnutrition 
in early-life and literacy of adult survivors (see Neelsen & Stratmann, 2011). Second, 
the data on literacy for 10.58 million individuals are available in 1991 census dataset 
that enable us to do a rigorous and systematic analysis of the long-term effects of 
famine on the famine survivors. We also choose ‘primary school dropout’ as an 
outcome variable in our analysis. This is defined as 100 if a person reports a dropout 
from primary school and 0 otherwise. Our choice can be plausible because extant 
literature and anecdotal evidence reveal that early-childhood malnutrition is 
connected with the discontinuation of a child’s schooling (see Leiva et al., 2001; 
Alderman et al., 2006; Molina, 2012). More importantly, the data on primary school 
dropout are available in our dataset.  
B.    Independent Variables 
The key independent variables in our empirical analysis are already discussed above. 
We use two regional indicators at the district-level as the proxy for the severity of the 
famine. Here, we describe these two famine severity measures. 
The change in rice-exchange rate of labour (%). This variable is the 
percentage change in the rice price in terms of the percentage change in the wage of 
labourers between June and October 1974 for each district in Bangladesh. The data 
on this variable are compiled by the BIDS (1974), reported in Alamgir & Salimullah, 
(1977) and calculated by Sen (1981). Map 3.2 shows the inter-district variation of the 
change in rice-exchange rate of labour as a famine severity measure.   
The change in rice production (%). This variable represents the percentage 
change in rice production between 1973 and 1974 for each district in Bangladesh. 
The data on this variable are compiled by the BIDS (1974), reported in Alamgir & 
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Salimullah, (1977) and Sen (1981). Map 3.3 shows the inter-district variation of the 
change in rice production in percentage as a famine severity measure.   
Notably, the data on the aforementioned famine severity measures were 
reported at the greater district level. There were 19 greater districts/regions in 
Bangladesh in 1974. To obtain district-level famine severity measures, we first 
identify the regions that each district belonged to and then assign the severity 
measures for greater districts (19 in number) to 64 districts.  
3.4.  Econometric Approach 
3.4.1.  Specification of Treatment and Control Groups  
To quantify the long-term consequences of the 1974–1975 Bangladesh famine on its 
early-life survivors, we consider the birth cohorts born during the famine and the 
birth cohorts born within a range of years before and after the famine period as our 
regression sample. Supported by most of the literature, the Bangladesh famine began 
in June 1974 and ended in July 1975, with the harshest period being from July 1974 
to October 1974 (see Alamgir, 1980; Hernández-Julián et al., 2014). Following 
Walker et al. (2007), Bryce et al. (2008), Victoria et al. (2008), and Neelsen and 
Stratmann (2011), it is plausible to assume the ensuing consequences of early-life 
undernourishment if it is discernible in the first two years of life or in utero. Taking 
this into consideration, our treatment group consists of the 1972 birth cohort that was 
exposed to famine in their second year, the 1973 birth cohort that experienced the 
famine in their first and second years, the 1974 birth cohort that received treatment 
remaining in utero and in the first year, and the 1975 birth cohort that experienced 
the famine as a foetus.38 Eventually, we confine the birth cohorts to four years before 
                                                 
38  Unlike the Greek census rounds, the 1991 Bangladesh census does not have the month of birth 
information. Considering the 1972–1975 birth cohorts as the treatment group, we therefore specify 
64 
 
and after the famine period as our comparison group because these cohorts were not 
exposed to famine in their first two years of life or in utero. In turn, our comparison 
group is constructed with 1968 to 1971 birth cohorts and 1976 to 1979 birth cohorts. 
1972 to 1975 birth cohorts, as a consequence, were between 15 and 18 years of age 
in 1991 census round (see Table 3.8).  
In order to check the robustness of the estimated measures, we disaggregate 
the treatment group in 1972–1976 birth cohorts. In particular, we add the 1976 birth 
cohort to the preceding treatment group (i.e., 1972–1975 birth cohorts) in order to 
construct this new treatment group, while we form a new control group with the birth 
cohorts born between 1967 and 1971 and 1977–1981, that is, the birth cohorts born 
five years before and after the above mentioned new treatment group. The reason to 
add 1976 birth cohort in our treatment group is that although the famine was over in 
July 1975, persons born in early 1976 were exposed to famine in utero in 1975. We 
also make use of another set of regression sample consisting of 1972–1974 birth 
cohorts as treatment group, and the 1976–1978, 1968–1969, and 1971 birth cohorts 
as control group. In particular, we exclude the 1970 and 1975 birth cohorts from our 
regression sample, because the individuals born in these two particular years are 
                                                                                                                                          
those who confronted the famine-related nutritional deprivation (June1974-July 1975) as foetuses or 
up to 24 months of life. In particular, the oldest members of the birth cohort, born in 1972 (in July), 
experienced famine during the 24th month of life when the famine struck. Accordingly, the oldest 
members of the 1973 birth cohort (born in July) experienced famine between the 12th and  24th   month 
of life.  The 1974 birth cohort (born in July) received treatment in the last month of gestation up to 
their first year of life. Finally, the 1975 birth cohort (born in July) received treatment in their full 
gestational period. 
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aged ending in ‘0’ and ‘5’, that is, they are of 20 and 15 years of age, respectively, in 
1991 and are suspected to create “age-heaping” problem in our dataset.39 
3.4.2. Model Specification 
Our estimation utilises cohort fixed-effects together with district fixed-effects. In 
particular, we estimate the following model using ordinary least squares where 
robust standard errors are clustered at the district level:  
௜ܻ௝௧ ൌ 	ߚ଴ ൅ ߚଵ	൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧	ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝൯൅ܯ݈ܽ݁௜
൅ ܴ݈݁݅݃݅݋݊௜ ൅	ܴݑݎ݈ܽ௜ ൅	ݕ݋ܾ௜ ൅	ݕ݋ܾ௜ଶ ൅ ߙ௝ ൅ ߛ௧
൅	Ɛ௜௝௧																																																																			ሺ3.1ሻ 
where ௜ܻ௝௧ is the education indicators described above, employed in 
alternative regressions for individual ݅, born in district ݆	 in year ݐ. 
ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧ indicates whether individual ݅ was born between 1972 and 
1975 or four years before and after these years. In our tables (3.2, 3.4, 3.5 and 3.6), 
we call this treatment dummy as treatment dummy 1. In particular, treatment dummy 
1 is equal to 1 if a person was born in 1972–1975, and is equal to 0 if born in 1976–
1979 or in 1968–1971. We also exploit two alternative treatment dummies—
treatment dummy 2 and treatment dummy 3—for robustness checks of our estimates. 
                                                 
39 Recall that “age-heaping” is a common problem in developing countries and is mostly linked with 
lower cognitive ability (see Baten et al. 2014). In the first essay of this thesis, we notice that the birth 
cohorts in 1940 and 1945 are creating acute age heaping problem in Bangladesh as observed in1991 
census (see Table 2.1). Therefore, we construct our regression sample in the first essay by excluding 
these two “age-heaping” years. However, after a substantial use of our dataset, we find that the “age-
heaping” problem associated with the birth cohorts aged ending in “0” and “5” are not acute in 1970s 
onwards (see Table 3.8). In particular, the total size of 1970 and 1975 birth cohorts are not 
substantially larger as compared with their preceding and successive years. This is possibly because 
the tendency of misreporting ages by the individuals might have been reduced as an effect of 
successful education program—such as Compulsory Primary Education Act, 1974—in Bangladesh. 
To reconfirm this more formally, we exclude the birth cohorts 1970 and 1975 that are suspected to 
create “age-heaping” in 1991 as a robustness checks of our estimates. 
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Importantly, treatment dummy 2 is equal to 1 if a person was born in 1972–1976, 
and is equal to 0 if born in 1967–1971 or in 1977–1981, while treatment dummy 3 is 
equal to 1 if a person was born in 1972–1974, but is equal to 0 if born in 1976–1978, 
or 1968–1969 and 1971. ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝ is the measure of the change in 
rice-exchange rate of labour (%) and the change in the rice production (%) during the 
famine across the districts, as described above. These two severity measures have 
been used in this model separately. The key variable of interest is the interaction 
variable between ܶݎ݁ܽݐ݉݁݊ݐ	ܦݑ݉݉ݕ௜௧ and ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝, which aims 
to capture the causal effects of famine. ܯ݈ܽ݁௜		represents gender as indicated by 1 if 
the individual is male and 0 otherwise. ܴ݈݁݅݃݅݋݊௜ equals to 1 if the individual ݅ is 
non-Muslim and 0 otherwise. The ܴݑݎ݈ܽ௜ dummy stands for the rural residence as 
indicated by 1 and 0 otherwise. Further, ݕ݋ܾ௜		is the year of birth of individual ݅. We 
also include the squared year of birth, i.e., 	ݕ݋ܾ௜ଶ ,		to address the nonlinearities in 
outcome trends (see Almond & Mazumder 2005, and Neelsen & Stratmann 2011). 
ߙ௝, that is, the district fixed-effects, is used to control the time-invariant factors that 
vary across districts. The inclusion of ߛ௧, that is, cohort fixed-effects, ensures that 
any kind of possible shock that the cohorts can experience in their later lives is 
controlled for its effects on the outcomes of interest Y. We estimate Model (3.1) for 
the full regression sample.  
We only present the coefficients of the interaction term, 	ߚଵ	, in Panel A of 
Table 3.2.   
In order to empirically quantify which severity measure—FAD and 
entitlement failure—yields stronger impacts on the famine survivors, we reformulate 
the above model as follows: 
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௜ܻ௝௧
ൌ 	 ߣ଴ ൅ ߣଵ	൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧	ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ1௝൯
൅ ߣଶ	൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧	ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ2௝൯൅ܯ݈ܽ݁௜ ൅ ܴ݈݁݅݃݅݋݊௜
൅	ܴݑݎ݈ܽ௜ ൅	ݕ݋ܾ௜ ൅	ݕ݋ܾ௜ଶ 	൅ ߙ௝ ൅ ߛ௧
൅	Ɛ௜௝௧																																																																			ሺ3.2ሻ 
where ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ1௝ represents the change in rice-exchange rate of 
labour (%) across the districts and ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ2௝ is the change in rice 
production (%) across the districts. We present the estimates of ߣଵ	and ߣଶ	 in Panel B 
of Table 3.2.   
To check whether famine effects on education outcomes change across 
groups having different socioeconomic status, we estimate a different model. To be 
more specific, we include two two-way interaction variables between treatment 
dummy and one of the three income/wealth indicators, and treatment dummy and the 
second severity measure in our specification. Recall that, the income/wealth 
indicators include, whether or not the individuals live in a brick-wall house, whether 
or not they live in a concrete-roof house, and whether or not they belong to a 
household having own agricultural land. We estimate the following model: 
௜ܻ௝௧ ൌ 	 ߤ଴ ൅ ߤଵ	൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧	ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ2௝൯
൅ ߤଶ	ሺܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧	ܫܹ݈݊௜௧ሻ൅ܯ݈ܽ݁௜ ൅ ܴ݈݁݅݃݅݋݊௜
൅	ܴݑݎ݈ܽ௜ ൅	ݕ݋ܾ௜ ൅	ݕ݋ܾ௜ଶ ൅ ߙ௝ ൅ ߛ௧
൅	Ɛ௜௝௧																																																																			ሺ3.3ሻ 
where InWl௜௧ stands for one of the three income/wealth variables, as mentioned 
above. We present the estimates of ߤଵ,	and		ߤଶ				in Panel A of Table 3.4, 3.5, and 3.6.  
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We also use a three-way interaction term among treatment dummy, the 
second famine severity measure and any of the three income/wealth indicators. The 
key objective of the three-way interactions is to identify whether the effects of 
famine vary with the relative change in the socioeconomic status within the districts 
where the production of rice was more. In particular, it provides evidence supporting 
the hoarding argument. While not a direct evidence of hoarding, those households 
that are living in brick-wall house, concrete-roof house, and/or having own 
agricultural land are more likely to be hoard given their higher income and wealth 
status. We estimate the following model: 
௜ܻ௝௧
ൌ 	 ߟ଴ ൅ ߟଵ	൫ܶݎ݁ܽݐ݉݁݊ݐ	ܦݑ݉݉ݕ௜௧		ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ2௝൯
൅ ߟଶ	ሺܶݎ݁ܽݐ݉݁݊ݐ	ܦݑ݉݉ݕ௜௧		ܫܹ݈݊௜௧ሻ
൅ ߟଷ	൫ܶݎ݁ܽݐ݉݁݊ݐ	ܦݑ݉݉ݕ௜௧		ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ2௝	ܫܹ݈݊௜௧൯
൅ ߟସ	൫ܫܹ݈݊௜௧		ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ2௝൯	൅	ܯ݈ܽ݁௜ ൅ ܴ݈݁݅݃݅݋݊௜ ൅	ܴݑݎ݈ܽ௜
൅	ݕ݋ܾ௜ ൅	ݕ݋ܾ௜ଶ ൅ ߙ௝ ൅ ߛ௧ ൅	Ɛ௜௝௧																																																																			ሺ3.4ሻ 
We present the estimates of ߟଷ		and	ߟସ	in Panel B of Table 3.4, 3.5, and 3.6. 
3.4.3. Potential Biases  
Despite several measures taken, selection biases may still prevail in our estimation in 
a number of ways. Those are as follows. 
First, persons in districts with a greater severity of famine might migrate to 
the regions that are less famine stricken, as migration is not restricted in Bangladesh. 
Moreover, the 1991 census wave does not include information on the place of birth. 
If this is the case, the specification without controlling the birth place information 
might have an upward bias. Fortunately, we have been able to obtain the inter-district 
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net migration data between 1974 and 1981 (see Section 3.3 and Map 3.3 for details).  
We run regressions of inter-district net migration rate40 and the two famine severity 
measures, which are the change in rice-exchange rate of labour and the change in 
rice production. Table 3.9 reports that the change in rice-exchange rate of labour is 
not significantly correlated with net migration rate (Column 1), while the change in 
rice production is significantly correlated with net migration rate at the 10% level 
(Column 2). Curiously, the sign of the coefficient of change in rice production is 
positive. If migration out of rural areas had been driven by reduction in rice 
production that in turn led to famine, then we would have expected this sign to be 
negative. A positive sign would mean that greater rice production might have pushed 
richer rural population to urban areas for better economic opportunities. Nonetheless, 
out-migration of richer rural population from districts with greater rice production 
would presumably lead to some upward bias in the estimated famine effect, because 
only worse-affected rural population would have stayed behind. However, we do not 
expect the treatment effect using the change in rice production to be entirely 
explained by migration bias, because, as shown below, sometimes we find an 
insignificant effect of the change in rice production on socioeconomic outcomes of 
early-life survivors. 
Second, we consider selection bias through infant mortality. Based on the 
analysis conducted by Neelsen and Stratmann (2011), cohorts with stronger genetic 
endowments are more likely to survive. If this ‘survival of the fittest’ indeed prevails 
and if genetic endowments affect the socioeconomic outcomes in the aftermath of 
famine, then our estimates could be downwardly biased. Another source of selection 
bias may arise from the positive selection through selective fertility. Probable 
reasons for this could be that women can experience several physical irregularities, 
                                                 
40Inter-regional migration in Bangladesh is mostly from rural to urban areas, so we can assume that 
net migration is similar to out-migration from rural areas. 
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for example, cessation of menstruating (i.e., amenorrhea) due to severe 
undernourishment (see Valaoras, 1946), or they can decide to conceive or not by 
choice because of the presence of certain malnutrition or disease. Further, lost births 
were more frequent among the poor and this reduces the share of individuals with 
poor parents. If having poor parents is associated with inferior outcomes later in life, 
the selective fertility reductions give the 1972–1975 birth cohorts better outcomes 
than the comparison groups. In turn, this would cause downward bias in our 
estimates. 
Finally, it is plausible to affirm that our estimated results are free from the 
potential omitted variable biases. In particular, we compare the detrimental effects of 
early-life malnutrition on the individuals, who were exposed to the famine with the 
individuals, who were born just before and after the famine period as a control group. 
So any selection bias caused by omitted variables—such as parental socioeconomic 
status, individual’s income level, or household size—common to both treatment and 
control groups are differenced out, and unlikely to contaminate our results. 
3.5.   Estimation Results on the Long-Term Effects of the 1974–1975 
Bangladesh Famine 
3.5.1.   Descriptive Statistics  
Table 3.1 presents the descriptive statistics for key variables. Our regression sample41  
comprises 2,475,054 people, of whom 802,663 were born between 1972 and 1975 
(i.e., treatment group), 1,672,391 were born between 1976 and 1979 and between 
1968 and 1971 (i.e., comparison group).  The average age of the regression sample is 
about 16 years. 50% of the sample is male; 78% of the sample lives in rural areas. On 
                                                 
41 Descriptive statistics are driven exploiting our basic regression sample, i.e., 1968–1979 birth 
cohorts, 1972–1975 birth cohorts are constituted as the treatment group.   
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average, 45% and 62% of the sample are literate and primary school dropouts, 
respectively, with a sizeable variation in both literacy and primary school dropout as 
shown by the standard deviation of almost 50 and 49, respectively. 12% lives in 
brick-wall house, while 6% lives in concrete-roof house. 42% of the sample belongs 
to a household having own agricultural land as of 1991. Finally, the average change 
in the rice-exchange rate of labour and the average change in rice production are 
approximately 42% and 14%, respectively.  
3.5.2.   Famine Effects on Adulthood Education Outcomes of Child Survivors 
Table 3.2 shows the estimated coefficients using interaction variables between 
treatment dummies and two severity measures. These measures include the change in 
rice-exchange rate of labour (%) between June and October 1974 as a proxy for the 
entitlement approach, and the change in rice production (%) between 1973 and 1974 
as a proxy for FAD. Panel A presents the coefficients of interaction terms for our 
benchmark model (i.e., Model 3.1), where we estimate separate regression for two 
outcomes—literacy and primary school dropout—exploiting two severity measures 
separately. Panel B presents the coefficients of interaction terms for our Model (3.2), 
where we exploit two severity measures in the same model for each outcome 
variable. 
In panel A, the estimated coefficients on the interaction term between 
treatment dummy 1— that is equal to 1 if a person was born between 1972 and 1975, 
while it is equal to 0 if born between 1976 and 1979 or between 1968 and 1971—and 
the change in the rice-exchange rate of labour are −0.061 for literacy as outcome and 
0.069 for primary school dropout as outcome.  It means that if the percentile change 
in the rice-exchange rate of labour in a district decreases by 1% from June to October 
1974, the individuals of that district are 0.061% less likely to be literate and 0.069% 
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more likely to be dropped out from primary school; these results are statistically 
significant at the 1% level. To gain a better understanding on the economic 
significance, we translate these coefficients in terms of total population of 
Bangladesh in 1991, i.e., 105.80 million. In particular, our estimation results indicate 
that approximately 6.45 million people is likely to be illiterate, and around 7.30 
million people is dropped out from primary schooling ensuing from the catastrophic 
1974 famine in Bangladesh. 
We also estimate the same regression using the second severity measure. The 
estimated coefficients are −0.038 for literacy as outcome and 0.040 for primary 
school dropout as outcome, which infer that with a 1% increase in the change in rice 
production in a district from 1973 to 1974, the probability of being literate of the 
individuals from that district reduces by 0.038% and the probability of being primary 
school dropout increases by 0.040%; these results are also statistically significant. 
Likewise in the previous estimation, we convert these results in terms of total 
number of population in 1991, and we suggest that approximately 4.02 million 
people is likely to be illiterate, while 4.23 million people is dropped out from 
primary schooling  as an effect of 1974–1975 famine in Bangladesh.  
Interestingly, the coefficients exploiting the first severity measure are larger 
by 0.023% for literacy outcome and 0.02% for dropped out from school than the 
other ones suggesting that the food entitlement approach of famine puts more 
dominant effects on its survivors.  
To further check which severity measure gives us the strongest effects, we 
estimate Model (3.2). The findings suggest that the estimated results, as shown in 
Panel B are qualitatively similar to the ones shown in Panel A of Table 3.2. In 
particular, the magnitude of the effects of famine by exploiting the first severity 
measure is larger by 0.023% for literacy as outcome and 0.028% for primary school 
73 
 
dropout as outcome relative to the others. In addition, although the results obtained 
by exploiting the second severity measure, that is, the change in rice production 
across districts in Panel A and Panel B are statistically significant, these results 
certainly contradict to our general understanding, as an increase in food production in 
a district is unlikely to reduce the literacy rates and accelerate primary school 
dropout rates of that district. That is why, it is plausible to say that the FAD approach 
fails to explain the Bangladesh famine in 1974–1975. Given this situation, we can 
fairly assume that the higher the increase in rice production in a district from 1973 to 
1974, the higher the hoarding of food grains and increase in rice prices, such that the 
increase in rice production is used as a proxy for hoarding and escalating rice prices 
at the district level. We will shed some empirical lights on this with three-way 
interactions below, but interestingly, this finding fits well with the Sen’s approach to 
explain the famine in Bangladesh (see Sen, 1981).  
We also conduct the same exercise exploiting treatment dummy 2 and 
treatment dummy 3 interacting them with two famine severity measures in both 
Model (3.1) and Model (3.2) (Panel A and Panel B in Table 3.2). Surprisingly, we 
find qualitatively similar results for the three sets of treatment dummies. Taken 
together, the effects of famine are pronounced in districts where individuals failed 
their entitlement to food as compared with its availability to them. 
3.5.3.   Sensitivity Tests 
Related to the inclusion of pre-famine cohort in the control group, some may claim 
that they are also fully exposed to famine as studies in health literature document 
significant evidence that early-life exposure to shocks for this cohort would lead to 
significant effects on adulthood outcomes (see Islam et al., 2016; and forthcoming).  
So, to examine the robustness of the basic results exploiting treatment dummy 1 as 
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shown in Panel A and Panel B in Table 3.2, we estimate our Model 3.1 and Model 
3.2 exploiting an alternative set of control group—that is,  using only those born after 
famine as control group. The results (including the coefficient sizes and significance 
level) shown in Panel A and Panel B in Table 3.3 are qualitatively similar to the 
results in Panel A and Panel B in Table 3.2, confirming that our benchmark results 
are not driven by control group definition as well as the children born before and 
after famine periods included in the control group for our benchmark estimation are 
similar. 
To obtain the coefficients shown in Table 3.4, we estimate Model (3.3) and 
Model (3.4). Here, we exploit only the second severity measure, that is, the change in 
rice production (%) across districts. Panel A reports the results of the two-way 
interactions between the treatment dummies and the second severity measure, as well 
as the treatment dummies and living in a brick-wall house as a measure of the wealth 
variable in the same regression for each outcome variable; that is, we estimate Model 
(3.3). Panel B shows the results of the three-way interactions among treatment 
dummies, the second severity measure and living in a brick-wall house, that is, we 
estimate Model (3.4). We report only the coefficients of the interaction terms in our 
tables.  
Unlike the previous results obtained in Table 3.2, the coefficients of the 
interaction term between treatment dummy 1 and the change in rice production (%) 
are statistically significant for education outcomes. However, as mentioned before, 
these results do not fit with our general understanding—the FAD approach again 
fails here (Panel A of Table 3.4). From the interaction term between treatment 
dummy 1 and living in a brick-wall house, we expect a lower effect on the sample 
because the famine-affected person living in a brick-wall house has a comparatively 
better chance of being literate and less chance of being a dropout at the beginning of 
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his or her student life than someone in the associated comparison group. We find a 
negative, but insignificant, coefficient of interaction between treatment dummy 1 and 
living in a brick-wall house (i.e., -1.128) on literacy as expected (Column 1 in Panel 
A of Table 3.4). Findings also suggest that the effects of famine on being a primary 
school dropout in a sample having these two distinctive features are negative (i.e., -
0.013). This indicates that the probability of being a dropout is lower than the 
counterfactuals (Column 2 in Panel A of Table 3.4). We estimate the same regression 
using treatment dummy 2 and treatment dummy 3, and the pattern of the results is 
indistinguishable from the previous ones.  
Importantly, the estimates of the three-way interactions among the treatment 
dummy 1, the change in rice production (%) and living in a brick-wall house, are 
positive regarding the literacy outcome and negative for the primary school dropout 
outcome. Both of these estimates are statistically significant (Columns 1 and 2 in 
Panel B of Table 3.4). While not a direct evidence, this finding could be interpreted 
as a support for food entitlement explanation in that wealthier households would 
have more access to food that could be hoarded than less wealthy households. In 
particular, the results for literacy imply that the likelihood of literacy for a person 
exposed to famine, born in a district with the positive change in rice production and 
living in a brick-wall house, is higher than the likelihood for the counterfactual 
person (Column 1 in Panel B of Table 3.4). The interaction coefficient for literacy 
outcome, for instance, between treatment dummy 1 and two other variables is 0.094, 
suggesting that the probability of being literate of a famine-affected person with two 
other distinct features is 0.09% more than a person in the comparative group. 
Interestingly, this effect is lower than the effect obtained by the interaction variable 
between living in a brick-wall house and the change in rice production to show the 
effect of famine (Column 1 in Panel B of Table 3.4). Further, the negative 
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coefficients on the primary school dropout outcome suggest that the probability of 
being a dropout of a famine-affected person from a district with more production of 
rice and living in a brick-wall house is lower compared with the counterfactual 
person (Column 2 in Panel B of Table 3.4). The coefficients exploiting treatment 
dummies 2 and 3 also provide us consistent results (Columns 1 and 2 in Panel B of 
Table 3.4).  
Table 3.5 replicates the specifications as conducted for Table 3.4 but replaces 
the variable of living in a brick-wall house with living in a concrete-roof house. 
Results obtained from the two-way interaction terms in Table 3.5 suggest 
qualitatively similar results to those shown in Table 3.4. Moreover, we find a 
positive and significant effect (at the 10 % level) on literacy from the interaction 
term between treatment dummy 1 and living in a concrete-roof house. The estimated 
coefficient of 1.398 means that the probability of being literate of a famine-affected 
person living in a concrete-roof house is nearly 1% higher (Column 1 in Panel A of 
Table 3.5). The results obtained from the triple-interaction terms in Table 3.4 and 
Table 3.5 are qualitatively consistent.  
Table 3.6 also provides similar and expected results when we consider 
whether or not a famine-affected individual belonging to a household that owns 
agricultural land in the above specifications. To exemplify this, the significant 
coefficient of the two-way interaction term between treatment dummy 1 and this new 
variable on literacy is 0.895, that is, the probability of being literate of a famine 
affected person belonging to a household having earnings from own agricultural land 
is approximately 0.9 % more (Column 1 in Panel A of Table 3.6). This result is 
statistically significant at the 1% level and consistent for two other treatment 
dummies. Further, the coefficients of this interaction on primary school dropout are 
negative and also highly significant. This implies that the probability of being a 
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dropout from primary school by a famine-affected person who consumes household 
income from own agricultural land is lower than for the counterfactual person 
(Column 2 in Panel A of Table 3.6). The coefficients from the triple-interaction 
variable among treatment dummies, owning agricultural land and the change in rice 
production (%) are not statistically significant. However, comparing these 
coefficients with the coefficients of interaction between the change in rice production 
(%) and owning agricultural land in this specification, it is evident that the 
coefficient is slightly lower for literacy outcome and slightly higher for primary 
school dropout outcomes as an effect of famine (Columns 1 and 2 in Panel B of 
Table 3.6).   
We conduct the same exercise as before using our alternative set of treatment 
dummies (i.e., treatment dummy 2 and treatment dummy 3). We find qualitatively 
similar results as obtained by exploiting treatment dummy 1 (Panel A and B in Table 
3.6). 
3.5.4. Famine Effects on the Child Survivors in Different Early-Life Phases 
Table 3.7 presents the results when the treatment dummy 1 in our benchmark model 
(i.e., Model 3.1) is replaced with disaggregated treatment variables: only foetuses, 
foetuses and one-year-old children, one-to-two-year-old children, and finally just the 
two-year-old children that were exposed to famine in the critical periods of early-life.  
We use the change in rice-exchange rate of labour as the famine severity 
measure in this estimation. We find that the coefficients of the two-way interaction 
terms are negative on literacy and positive on primary school dropout outcomes. 
These results are strongly significant for only foetuses, for foetuses and one-year-old 
children, and for only two-year-old children, but significant at 5% level for one-to-
two-year-old children. However, comparing the coefficients for only foetuses and 
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children who were exposed to famine during life in utero and in the first year of life, 
we find that the effects for the earlier group are relatively larger regarding education 
outcomes, which is consistent with the findings of many early studies (e.g., Barker, 
1998; Bazer, 2004; Almond et al., 2007; Meng & Qian, 2009; and Roseboom et al., 
2011). We also notice relatively stronger effects for the two-year-old children during 
the famine than the one-to-two-year-old children. This is possibly because the older 
children required more food supplements than the younger ones.  
3.6.  Conclusions 
This essay presents causal evidence on the long-term consequences of early-life 
malnutrition arising from the 1974–1975 Bangladesh famine, one of the most fatal 
famines in the world. To the best of our knowledge, this essay is unique in 
quantifying the long-term effects of early-life exposure on education outcomes of the 
Bangladesh famine as a natural experiment. Utilizing the 1991 micro census dataset 
that contains 10.58 million person-observations, our approach, rooted in the “foetal 
origins” hypothesis (see Barker, 1994; and Barker, 1998; Ellison, 2005), is to exploit 
the variation between the group of individuals exposed to famine-led malnutrition in 
their first two years of life or in utero and a counterfactual group with no such 
malnutrition experience, and then to identify whether both groups differ in 
educational outcomes in their adulthood. 
Famines are typically thought to arise due to severe food shortages. Sen 
(1981), in his account of the 1974–1975 famine in Bangladesh that ultimately won 
him the Nobel Prize, claimed that the disproportionate access to food in the time of 
food shortage, which was induced by weak institutions leading to entitlement issues, 
was a more crucial factor behind famine than the concomitant decrease in food 
supply. This essay sought to shed empirical light on the two competing explanations 
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of the 1974–1975 famine in Bangladesh employing two alternative famine severity 
measures at the district-level: the rice-exchange rate of labour (i.e., a proxy for 
entitlement to food) and total rice production (i.e., a proxy for food availability). In 
particular, this essay focuses on the interaction effects between treatment dummies 
and district-level famine severity measures in its estimation model to obtain the 
casual effects of famine. 
Our empirical estimates document that famine-led malnutrition in early-life 
significantly lowers the probability of literacy and increases the probability of being 
primary school dropout as of 1991. Our key result is that while both famine severity 
measures display statistically significant adverse effects on education outcomes, 
supporting the food entitlement explanation over the food availability account, the 
effects are relatively stronger in magnitude in districts where individuals had lower 
entitlement to food, throwing thus more weight to Sen’s reasoning (see Sen, 1981).  
Findings also suggest that famine has differential impacts for foetuses, in 
utero and first year of life, first and second years of life, and finally just the second 
year of life during famine. In particular, we find that adverse outcomes due to famine 
are the greatest for foetuses and two-year-old children. We also find that the effects 
of famine on its early-life survivors change with respect to the income and wealth 
indicators. The results are robust to considering alternative socioeconomic cohorts in 
the census dataset that is likely to capture differences in individuals’ famine 
exposure. Our empirical estimates also document that given the sizable detrimental 
effects on the long-term education outcomes, malnutrition in early-life ensuing from 
the 1974–1975 Bangladesh famine is possibly an important mechanism.  
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Tables 
Table 3.1: Descriptive Statistics 
 Mean Standard 
Deviation 
Min Max Obser
vations 
Treated dummy 0.324 0.468 0 1 2475054 
Age 16.316 3.557 11 22 2475054 
Birth year  1973.684 3.557 1968 1979 2475054 
Male 50.395 49.998 0 1 2475054 
Rural 77.923 41.477 0 1 2475054 
Literacy 45.118 49.761 0 100 2475054 
Primary school Dropout 61.750 48.600 0 100 2475054 
Living in a brick-wall  house 12.100 32.613 0 100 2465749 
living in a concrete-roof 
house 
6.481 24.620 0 100 2465749 
Income from own 
agricultural land  
source of income 
42.165 49.382 0 100 2465486 
The change in rice-
exchange rate of labour 
(%) 
41.777 15.472 3.8 69.5 2475054 
The change in rice 
production (%) 
14.086 13.022 -33 42.2 2475054 
Notes: Sample in this table includes individuals who were born between 1968 and 1979 and were living 
in Bangladesh in 1991. Treatment dummy equals 1 if one was born in 1972–1975 and 0 otherwise.  
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Table 3.2: Effects Of Famine On The Education Outcomes  
(Two-Way Interactions Using Severity Measures) 
Treatment Indicators                                Outcome Variables 
(1) 
Literacy 
(2) 
Primary School 
Dropout 
Panel A   
Two-Way Interactions (using two severity measures 
separately): Coefficients on ↓ 
  
Treatment 1		the change in rice-exchange rate of 
labour 
-0.061*** 
 (6.610) 
0.069*** 
 (5.723) 
Treatment 1		the change in rice production (%) -0.038***  
(2.746) 
0.040** 
(2.242) 
R2 0.078 0.075 
N  2475054 2475054 
Treatment 2 	the change in rice-exchange rate of 
labour 
-0.087***  
(5.881) 
0.090*** 
(4.512) 
Treatment 2 	the	change in rice production (%) -0.051** 
 (2.320) 
0.057* 
(1.789) 
N 3220132 3220132 
Treatment 3	 the change in rice-exchange rate of 
labour 
-0.065*** 
 (3.929) 
0.067*** 
(3.525) 
Treatment 3 	the	change in rice production (%) -0.056***  
(6.069) 
0.063*** 
 (5.074) 
N  1708121 1708121 
Panel B   
Two-Way Interactions (using two severity measures in 
the same model) : Coefficients on ↓ 
  
Treatment 1			the change in rice-exchange rate of 
labour 
-0.062*** 
 (6.324) 
0.069*** 
(5.663) 
Treatment 1		the change in rice production (%) -0.039***  
(2.766) 
0.041** 
(2.258) 
R2 0.078 0.075 
N 2475054 2475054 
Treatment 2 	 the change in rice-exchange rate of 
labour 
-0.084***  
(5.464) 
0.088*** 
(4.346) 
Treatment 2 	the	change in rice production (%) -0.055** 
 (2.594) 
0.059* 
(1.918) 
N 3220132 3220132 
Treatment 3 		the change in rice-exchange rate of 
labour 
-0.064***  
(3.798) 
0.067*** 
 (3.432) 
Treatment 3 	the	change in rice production (%) -0.057***  
(5.875) 
0.064*** 
 (5.001) 
N 1708121 1708121 
Notes: Panel A: estimation of Model (3.1) using OLS, i.e., each specification estimates separate 
regression for two outcomes exploiting two severity measures separately. Panel B: estimation of Model 
(3.2) using OLS, i.e., each specification estimates separate regression for two outcomes exploiting two 
severity measures interacted with treated dummies in the same model. Coefficients on interaction 
variables are presented. Controls: rural, male, birth year, birth year squared, religious, district fixed-
effects and cohort fixed-effects. Treatment dummy 1 is equal to 1 if a person was born in 1972–1975, 
and is equal to 0 if born in 1976–1979 or in 1968–1971. Treatment dummy 2 is equal to 1 if a person was 
born in 1972–196, and is equal to 0 if born in 1977–1981 or in 1967–1971. Treatment dummy 3 is equal 
to 1 if a person was born in 1972–1974, but is equal to 0 if born in 1976–1978 or 1968–1969 and 1971. 
Robust standard errors are clustered at the district level. Absolute t-statistics are presented in parenthesis.  
*p<0.10, ** p<0.05, *** p<0.010. For brevity, we do not report the coefficients of control variables, but 
the results are available upon request. 
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Table 3.3: Effects Of Famine On The Education Outcomes: Sensitivity Tests 
Using Only People Born After Famine As Control Group   
Treatment Indicators                                Outcome Variables 
(1) 
Literacy 
(2) 
Primary School 
Dropout 
Panel A   
Two-Way Interactions (using two severity measures 
separately): Coefficients on ↓ 
  
Treatment dummy  	the change in rice-exchange rate 
of labour 
-0.104*** 
 (7.237) 
0.114*** 
 (5.914) 
Treatment dummy			the change in rice production (%) -0.089***  
(3.478) 
0.092*** 
(2.825) 
R2 0.066 0.067 
N  1708020 1708020 
Two-Way Interactions (using two severity measures in 
the same model) : Coefficients on ↓ 
  
Treatment dummy			the change in rice-exchange rate 
of labour 
-0.108*** 
 (7.668) 
0.118*** 
(6.402) 
Treatment dummy		the change in rice production (%) -0.090***  
(3.543) 
0.094*** 
(2.904) 
R2 0.043 0.049 
N 1708020 1708020 
Notes: Panel A: estimation of Model (3.1) using OLS, i.e., each specification estimates separate 
regression for two outcomes exploiting two severity measures separately. Panel B: estimation of Model 
(3.2) using OLS, i.e., each specification estimates separate regression for two outcomes exploiting two 
severity measures interacted with treated dummies in the same model. Coefficients on interaction 
variables are presented. Controls: rural, male, birth year, birth year squared, religious, district fixed-
effects and cohort fixed-effects. Treatment dummy is equal to 1 for the cohorts born between 1972 
and1975, while equals to 0 for only cohorts born after the famine period, i.e., the cohorts born between 
1976 and 1979. Robust standard errors are clustered at the district level. Absolute t-statistics are presented 
in parenthesis.  *p<0.10, ** p<0.05, *** p<0.010. For brevity, we do not report the coefficients of control 
variables, but the results are available upon request. 
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Table 3.4: Effects Of Famine On The Education Outcomes Using The Change 
In Rice Production And Living In A Brick-Wall House 
(Both Two-Way And Three-Way Interactions) 
Treatment Indicators                            Outcome Variables 
(1) 
Literacy 
(2) 
Primary School 
Dropout 
Panel A   
Two-Way Interactions  Coefficients on ↓   
Treatment 1	 the change in rice production (%) -0.040***  
(3.101) 
0.042**  
(2.447) 
Treatment 1  living in  a brick-wall house -1.128  
(1.575) 
-0.013  
(0.019) 
R2 0.113 0.114 
N 2465749 2465749 
Treatment 2 			the change in rice production (%) -0.056**  
(2.551) 
0.063**  
(2.027) 
Treatment 2  living in a brick-wall house -0.286  
(0.228) 
-4.656***  
(5.179) 
N 3209195 3209195 
Treatment 3 			the change in rice production (%) -0.066*** 
 (4.068) 
0.068** 
 (3.626) 
Treatment 3  living in a brick-wall house 0.448 
(0.826) 
--0.799  
(1.519) 
N 1701590 1701590 
Panel B   
Three-Way Interactions: Coefficients on ↓   
Treatment 1			the change in rice production (%) -0.049*** 
(3.935) 
0.051*** 
 (2.995) 
Treatment 1  living in a brick-wall house -2.486** 
 (2.527) 
1.444*  
(1.765) 
Living in a brick-wall house the change in rice 
production (%) 
0.134** 
 (2.444) 
-0.116***  
(2.752) 
Treatment 1  the change in rice production (%)  
living in a brick-wall house 
0.094** 
 (2.206) 
-0.101*** 
 (2.826) 
R2 0.113 0.114 
N 2465749 2465749 
Treatment 2 			the change in rice production (%) -0.071*** 
 (3.178) 
0.078**  
(2.407) 
Treatment  2  living in a brick-wall houses -2.748  
(1.567) 
-2.262* 
 (1.994) 
Living in a brick-wall house the change in rice 
production (%) 
0.067  
(1.474) 
-0.052  
(1.457) 
Treatment  2   the change in rice production (%)  
living in a brick-wall house 
0.171**  
(2.374) 
-0.166***  
(3.354) 
N   3209195 3209195 
Treatment 3 			the change in rice production (%) -0.073*** 
 (4.545) 
0.077*** 
 (4.064) 
Treatment 3  living in a brick-wall house -0.757 
 (1.087) 
-0.463 
 (0.722) 
Living in a brick-wall house  the change in rice 
production (%) 
0.154** 
 (2.568) 
-0.136***  
(3.005) 
Treatment 3    the change in rice production (%)  
living in a brick-wall house 
0.084** 
 (2.376) 
-0.088***  
(2.751) 
N 1701590 1701590 
Notes: Panel A: estimation of Model (3.3) using OLS, i.e., coefficients obtained from two two-way interaction 
terms in the same regression for each outcome variable. Panel B: estimation of Model (3.4) using OLS, i.e., 
coefficients obtained by using three-way interaction terms in the same regression for each outcome variable. 
Controls: rural, male, birth year, birth year squared, religious, district fixed-effects and cohorts-fixed-effects. 
Treatment dummy 1 is equal to 1 if a person was born in 1972–1975, and is equal to 0 if born in 1976–1979 or 
in 1968–1971. Treatment dummy 2 is equal to 1 if a person was born in 1972–196, and is equal to 0 if born in 
1977–1981 or in 1967–1971. Treatment dummy 3 is equal to 1 if a person was born in 1972–1974, 
but is equal to 0 if born in 1976–1978 or 1968–1969 and 1971.  Robust standard errors are clustered at the 
district level. Absolute t-statistics are presented in parenthesis.  *p<0.10, ** p<0.05, *** p<0.010. For brevity, 
we do not report the coefficients of control variables, but the results are available upon request. 
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Table 3.5: Effects Of Famine On The Education Outcomes Using The Change 
In Rice Production And Living In A Concrete-Roof House 
(Both Two-Way And Three-Way Interactions) 
Treatment Indicators                        Outcome Variables 
(1) 
Literacy 
(2) 
Primary School 
Dropout 
Panel A   
Two-Way Interactions  Coefficients on ↓   
Treatment 1  the change in rice production (%) -0.291***  
(9.532) 
0.226***  
(7.727) 
Treatment 1  living in a concrete-roof  house 1.398*  
(1.874) 
0.410 
 (0.576) 
R2 0.096 0.096 
N 2465749 2465749 
Treatment 2 	the change in rice production (%) -0.053**  
(2.485) 
0.059*  
(1.927) 
Treatment 2  living in a concrete-roof  house -1.728  
(1.333) 
-3.438***  
(3.302) 
Observations 3209195 3209195 
Treatment 3  the change in rice production (%) -0.065***  
(4.048) 
0.068***  
(3.624) 
Treatment 3   living in a concrete-roof  house 0.801 
(1.194) 
-0.922  
(1.306) 
N 1701590 1701590 
Panel B   
Three-Way Interactions: Coefficients on ↓   
Treatment 1  the change in rice production (%) -0.044*** 
 (3.441) 
0.046***  
(2.678) 
Treatment 1  living in a concrete-roof  house -2.636*** 
(2.690) 
1.703* 
(1.921) 
Living in a concrete-roof house   the change in rice 
production (%)	 
0.196** 
 (2.377) 
-0.175*** 
(2.781) 
Treatment 1  the change in rice production (%)  
living in a concrete-roof  house 
0.089** 
 (2.016) 
-0.093** 
(2.458) 
R2 0.096 0.096 
N  2465749 2465749 
Treatment 2  the change in rice production (%) -0.062***  
(2.873) 
0.067** 
 (2.175) 
Treatment 2  living in a concrete-roof  house -3.943**  
(2.317) 
-1.158 
 (0.923) 
Living in a concrete-roof house  the change in rice 
production (%) 
0.130**  
(2.376) 
-0.101**  
(2.196) 
Treatment 2  the change in rice production (%) 
living in a concrete-roof  house 
0.159** 
 (2.179) 
-0.164*** 
(3.121) 
N 3209195 3209195 
Treatment 3  the change in rice production (%) -0.070*** 
 (4.385) 
0.074**  
(3.935) 
Treatment 3  living in a concrete-roof  house -0.565 
 (0.683) 
0.552 
 (0.657) 
Living in a concrete-roof house   the change in rice 
production (%) 
0.211** 
 (2.411) 
-0.184** 
 (2.758) 
Treatment 3 	 the change in rice production (%)  
living in a concrete-roof  house 
0.099** 
 (2.326) 
-0.107*** 
(2.706) 
N  1701590 1701590 
Notes: Panel A: estimation of Model (3.3) using OLS, i.e., coefficients obtained from two two-way 
interaction terms in the same regression for each outcome variable. Panel B: estimation of Model (3.4) 
using OLS, i.e., coefficients obtained by using three-way interaction terms in the same regression for each 
outcome variable. Controls: rural, male, birth year, birth year squared, religious, district fixed-effects and 
cohort fixed-effects. Treatment dummy 1 is equal to 1 if a person was born in 1972–1975, and is equal to 0 
if born in 1976–1979 or in 1968–1971. Treatment dummy 2 is equal to 1 if a person was born in 1972–196, 
and is equal to 0 if born in 1977–1981 or in 1967–1971. Treatment dummy 3 is equal to 1 if a person was 
born in 1972–1974, but is equal to 0 if born in 1976–1978 or 1968–1969 and 1971. Robust standard errors 
are clustered at the district level. Absolute t-statistics are presented in parenthesis.  *p<0.10, ** p<0.05, *** 
p<0.010. For brevity, we do not report the coefficients of control variables, but the results are available 
upon request. 
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Table 3.6: Effects Of Famine On The Education Outcomes Using The Change 
In Rice Production And Income From Own Agricultural Land 
 (Both Two-Way And Three-Way Interactions) 
Treatment Indicators                             Outcome Variables 
(1) 
Literacy 
(2) 
Primary School 
Dropout 
Panel A   
Two-Way Interactions  Coefficients on ↓   
Treatment 1			the change in rice production (%) -0.041***  
(3.037) 
0.043** 
 (2.380) 
Treatment 1  having own agricultural land 0.895*** 
 (3.311) 
-1.191*** 
 (4.903) 
R2 0.087 0.083 
N 2465486 2465486 
Treatment 2			the change in rice production (%) -0.056**  
(2.491) 
0.062* 
 (1.852) 
Treatment 2  having own agricultural land 1.602***  
(4.511) 
-1.477***  
(3.213) 
Observations 3208867 3208867 
Treatment 3			the change in rice production (%) -0.065***  
(3.964) 
0.068**  
(3.535) 
Treatment 3 	 having own agricultural land 0.747*** 
 (3.242) 
-1.176***  
(4.747) 
N 1701402 1701402 
Panel B   
Three-Way Interactions: Coefficients on ↓   
Treatment 1 			the change in rice production (%) -0.043*** 
 (2.800) 
0.044** 
 (2.186) 
Treatment 1 	 having own agricultural land 0.878**  
(2.157) 
-1.193*** 
 (3.283) 
Having own agricultural land  the change in rice 
production (%) 
0.067 
 (1.174) 
-0.080  
(1.457) 
Treatment 1  the change in rice production (%)  
having own agricultural land 
0.002 
 (0.120) 
-0.001 
 (0.041) 
R2 0.087 0.083 
N 2465486 2465486 
Treatment 2 	 the change in rice production (%) -0.061** 
 (2.348) 
0.070* 
 (1.743) 
Treatment 2 	 income from own agricultural land 1.509***  
(3.116) 
-1.262*  
(1.970) 
Having own agricultural land  the change in rice 
production (%) 
0.060 
 (1.251) 
-0.068 
 (1.624) 
Treatment 2  the change in rice production (%)  
having own agricultural land 
0.007 
 (0.327) 
-0.016 
 (0.494) 
N 3208867 3208867 
Treatment 3 	 the change in rice production (%) -0.065*** 
 (4.071) 
0.067*** 
 (3.421) 
Treatment 3 	 having own agricultural land 0.763** 
 (2.246) 
-1.248*** 
 (3.276) 
Having own agricultural land  the change in rice 
production (%) 
0.067 
 (1.205) 
-0.082 
 (1.521) 
Treatment 3  the change in rice production (%) 
having own agricultural land 
-0.001 
 (0.061) 
0.005 
 (0.227) 
N 1701402 1701402 
Notes: Panel A: estimation of Model (3.3) using OLS, i.e., coefficients obtained from two two-way 
interaction terms in the same regression for each outcome variable. Panel B: estimation of Model (3.4) 
using OLS, i.e., coefficients obtained by using three-way interaction terms in the same regression for each 
outcome variable. Controls: rural, male, birth year, birth year squared, religious, district fixed-effects and 
cohort fixed-effects. Treatment dummy 1 is equal to 1 if a person was born in 1972–1975, and is equal to 0 
if born in 1976–1979 or in 1968–1971. Treatment dummy 2 is equal to 1 if a person was born in 1972–196, 
and is equal to 0 if born in 1977–1981 or in 1967–1971. Treatment dummy 3 is equal to 1 if a person was 
born in 1972–1974, but is equal to 0 if born in 1976–1978 or 1968–1969 and 1971. Robust standard errors 
are clustered at the district level. Absolute t-statistics are presented in parenthesis.  *p<0.10, ** p<0.05, *** 
p<0.010. For brevity, we do not report the coefficients of control variables, but the results are available 
upon request. 
 
90 
 
Table 3.7: Effects Of Famine For The Exposures In Different Early-Life Phases 
Treatment Indicators      Outcome Variables 
(1) 
Literacy 
(2) 
Primary 
School 
Dropout 
Two-Way Interactions Coefficients on ↓   
Only foetuses  the change in rice-exchange rate of labour (%) -0.067*** 
 (4.977) 
0.076*** 
(5.176) 
R2 0.079 0.076 
N 1905360 1905360 
Foetuses and one-year-old children  the change in rice-exchange 
rate of labour (%) 
-0.056*** 
(3.635) 
0.062*** 
(3.484) 
R2 0.080 0.076 
N  1846294 1846294 
One-to-two-year-old children  the change in rice-exchange rate of 
labour (%) 
-0.034** 
 (2.035) 
0.042** 
(2.323) 
R2 0.082 0.078 
N 1783084 1783084 
Only two-year-old children  the change in rice-exchange rate of 
labour (%) 
-0.071*** 
 (6.765) 
0.077*** 
(5.818) 
R2 0.080 0.075 
N 1957489 1957489 
Notes: Estimation of Model (3.1) using OLS, i.e., each specification estimates separate regression. 
Coefficients on interaction variables are presented. Controls: rural, male, birth year, birth year squared, 
religious, district fixed-effects and cohort fixed-effects. Foetuses are birth cohorts born in 1975, both 
foetuses and one-year-old children during famine represent 1974 birth cohorts, 1973 birth cohorts include 
one-to-two-year-old children, and 1972 birth cohorts are the only two-year-old group of children. Robust 
standard errors are clustered at the district level. Absolute t-statistics are presented in parenthesis.  *p<0.10, 
** p<0.05, *** p<0.010. For brevity, we do not report the coefficients of control variables, but the results 
are available upon request. 
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Table 3.8: Age Along With Computed Birth Years For Various Birth Cohorts 
Reported Age  Computed Birth Year  Total Individuals Proportion of 
Individuals as a % of 
Total 
23 1967 86,880 2.7 
22 1968 256,053 7.95 
21 1969 77,039 2.39 
20 1970 349,585 10.86 
19 1971 84,357 2.62 
18 1972 285,098 8.85 
17 1973 110,693 3.44 
16 1974 173,903 5.4 
15 1975 232,969 7.23 
14 1976 203,927 6.33 
13 1977 160,321 4.98 
12 1978 356,730 11.08 
11 1979 184,379 5.73 
10 1980 379,870 11.8 
9 1981 278,328 8.64 
Total  3,220,132 100.00 
Notes:  Birth year has been calculated by using the formula:		ܻ݁ܽݎ	݋݂	ܤ݅ݎݐ݄ ൌ ܥ݁݊ݏݑݏ	ܻ݁ܽݎ െ ܣ݃݁ െ
1. The census year is 1991. The ages of 1970, 1975, and 1980 births cohorts are ended in “0” and “5” 
in 1991. 
 
 
 
 
Table 3.9: OLS Estimates Of The Net Migration Rate (1974-1981) 
And Famine Severity  
Variables  Net Migration Rate 
(1) (2) 
The change in rice-exchange rate 
of labour 
0.018 
(0.938) 
 
The change in rice production (%)  0.066*  
(1.970) 
R2 0.007 0.083 
N 64 64 
Notes:  Each column (Columns 1-2) provides separate estimation results. Net migration 
rate is the outcome variable measuring the ratio of total migration between 1974 and 1981 
to total population of the district. The change in rice-exchange rate of labour (%) and the 
change in rice production (%) are the famine severity measures across districts. Absolute 
t-statistics are presented in parenthesis.  *p<0.10, ** p<0.05, *** p<0.010. 
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Figure 
Figure 3.1: Average Retail Price Of Rice In Bangladesh (In Taka Per Mound) 
 
 
Source: Hernández-Julián et al., 2013. 
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Maps 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Map 3.1: Flood-Prone Districts (Greater) In Bangladesh, 1974 
Source: http://www.banglapedia.org/httpdocs/Maps/MF_0103A.GIF. 
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Map 3.2: The Decline In Rice-Exchange Rate Of Labour Across 
Districts, June-October 1974 
 Source: Data presented in this map are obtained from Alamgir & Salimullah, (1977);  and 
Sen (1981). 
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Map 3.3: The Change In Rice Production Across Districts, 1973–1974 
 Source: Data presented in this map are obtained from Alamgir & Salimullah, (1977);   
and Sen (1981).
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Map 3.4: District-Wise Net Migration, 1974-1981 
Source: Data presented in this map are obtained from Nabi (1992). 
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Appendix 
 
Appendix Table 3.1: Chronology Of The Events For Triggering The 1974–
1975 Bangladesh Famine (At A Glance)  
 
Dates Major Events 
26 March-15 December in 1971 Liberation War 
  
Flood in July-October 1974 Heavy rainfall and a series of troubling floods 
destroyed a major part of the aus, washed 
away the seedlings of the aman , and affected 
a part of boro  
Between 1973 and 1974 Import of food grains from abroad was 
approximately 28% lower in 1974 than in the 
preceding year. However, the available food 
grains to feed people in 1974 was 
approximately 7% higher than it had been in 
1973 
Between June and October 1974 The decline in rice-exchange rate of labours 
was approximately 42% 
Source: Alamgir & Salimullah, 1977; Alamgir, 1980; and Sen, 1981. 
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Chapter 4  
Double Catastrophe in Early-Life: How Did Concurrent 
Famine and Flood in 1974–1975 Affect Child Survivors in 
Later-Life in Bangladesh? 
 
4.1. Introduction 
Several hundred million children in low- and middle-income countries are prone to 
early-life malnutrition due to different kinds of exogenous shocks, such as flood, 
drought, earthquake, and famine (see Victoria et al., 2008; Maccini & Yang, 2009; 
Neelsen & Stratmann 2011). While these shocks have contemporaneous effects on 
survivors, some of these effects may persist for many years or even decades (see Del 
Ninno & Lundberg, 2005; Maccini & Yang, 2009). Identifying the long-run 
consequences of these shocks merit detailed investigation in order to develop 
effective policies. 
Recent studies have provided many examples of early-childhood malnutrition 
being used as a ‘health shock’. Glewwe et al. (2001) and Glewwe and Miguel (2007) 
found a nexus between conditions in early-life and education outcomes in developing 
countries. In the context of China, Chen and Zhou (2007) suggested that the 1959–
1961 China famine had significant negative effects on survivors’ height, labour 
supply and earnings in their later-life, while Meng and Qian (2009) suggested that 
children conceived during famine achieved a significantly lower level of schooling 
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attainment. Neelsen and Stratmann’s (2011) analysis of the 1941–1942 Greek famine 
also reported adverse outcomes related to education and labour market performance 
for survivors. In the Indonesian context, Maccini and Yang (2009) found a causal 
link between early-life exposure to positive rainfall shocks and later-life schooling 
outcomes. Finally, findings in the context of Bangladesh by Del Ninno and Lundberg 
(2005) suggested that the 1998 flood had long-term health effects on children 
exposed to the shock in their early-life. A great majority of the studies that 
investigate the impact of catastrophic shocks on early-life survivors focus only on a 
single shock.  
This essay aims to examine the association between early-childhood 
malnutrition resulting from the two concurrent catastrophic events in Bangladesh—
the devastating flood in 197442 and the famine in 1974–1975—and education 
outcomes43 for early-life survivors using the 1991 micro census data that comprise 
10.58 million person-observations.44 To the best of our knowledge, no study has 
hitherto empirically analysed the long-term consequences of a double catastrophe in 
early-life. We examine the double catastrophe as the causal factors of interest 
                                                 
42 Floods are one of the deadliest disasters around the globe. They account for the loss of almost 
53,000 human lives in the past decade (see EM-DAT, 2011). A substantial body of research has been 
conducted using floods in developing countries as natural experiment suggesting that early-life 
malnutrition is a resulting shock of floods (e.g., Del Ninno & Lundberg, 2005; Goudet et al., 2011; 
Alderman et al., 2012). Floods are the most common type of catastrophe and occur annually in 
Bangladesh (see Mustafi & Azad, 2003; Rayhan, 2010). The 1974 flood in Bangladesh was one of the 
most disastrous floods in terms of its water depth and duration in Bangladesh (discussed further in 
Section 4.2). It also led to one of the deadliest famines (i.e., 1974–1975 famine) in the world’s history. 
43 We use ‘literacy’ and ‘primary school dropout’ as components of education outcome. ‘Literacy’ has 
a value of 100 if a person is literate and 0 otherwise. ‘Primary school dropout’ has a value of 100 if a 
person drops out at the beginning of their academic career and 0 otherwise. Unlike in the second essay 
of this thesis, we choose ‘literacy’ because it helps comprehending the level of human capital to 
measure the economic value of an individual’s skill set. In particular, it provides better employment 
prospects and a better socioeconomic status to individuals and the economy as a whole (see Desai, 
2012). Also, the extant literature supports the nexus between malnutrition in early-life and literacy in 
the adult period (see Neelsen & Stratmann, 2011). Further, as early-childhood malnutrition affects the 
discontinuation of a child’s schooling (see Leiva et al., 2001; Alderman et al., 2006; and Molina, 
2012), the ‘primary school dropout’ variable is used as an outcome of interest in our analysis. 
44 Recall that although there are two more recent Bangladesh census waves (2001 and 2011) that 
contain micro data, we did not use these because the 1991 census round enables us to obtain 
information of the sample of young ages to measure the long-term effects of early-life malnutrition on 
education outcomes in terms of ‘literacy’ and ‘primary school dropout’. 
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because they provide unique opportunity to disentangle the effects of flood and 
famine on later-life outcomes. This approach also enables to investigate whether and 
how the effects of early-life malnutrition change if a catastrophe is coupled with 
another one. Importantly, the duration and spatial intensity of both flood and famine 
in 1974–1975 varied greatly across districts in Bangladesh. In particular, the duration 
of severe famine (i.e., July 1974 to October 1974) coincided with the duration of 
heavy flood (see Alamgir, 1980; Hernández-Julián et al., 2014), but while the famine 
affected all of the districts in Bangladesh, the flood did not (see Alamgir & 
Salimullah, 1977; Sen, 1981). Thus, the spatial variation in both flood and famine 
severity, together with the variation in education outcomes across the cohorts, 
provide crucial information to quantify and compare the causal effects of these 
exogenous shocks.  
To be consistent with the related literature (e.g., Bryce et al., 2008; Neelsen & 
Stratmann, 2011), we define early-childhood as children in utero or aged up to 24 
months during the shocks. In turn, we employ a treatment-control approach in which 
education outcomes of children exposed to flood and/or famine in the critical age of 
early-life are compared with children with no such experience. However, using only 
this approach (i.e., cohort variation) may be problematic because cohorts are likely to 
experience other shocks later in life. To overcome this issue, we augment the 
treatment-control approach with the district variation in three flood severity measures 
and two famine severity measures. The flood severity measures include flood 
inundation (ft), flood duration (months) and flood-affected areas (as a percentage of 
the total area of the district), while the famine severity measures include the change 
in rice-exchange rate of labour (%) and the change in rice production (%).   
To examine the enduring effects of the above mentioned concurrent 
catastrophic events, we use early-life malnutrition as an important channel. We first 
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estimate the basic model (i.e., Model 4.1) to examine the long-term effects of the 
flood by including the interaction terms between the treatment dummy (see Section 
4.4.1) and the flood severity measures at the district level where this specific cohort 
was born. We then augment this model to control for famine severity measures (i.e., 
Model 4.2). The results are very important. The initial model suggests that being 
exposed to the flood at the critical age of early-childhood reduces the likelihood of 
being literate and raises the likelihood of being a primary school dropout. However, 
considering the fact that malnutrition of the cohorts at their early-childhood age in 
1974 resulted from two shocks (i.e., flood and famine), we find that the famine acts 
as the more dominant adverse factor than flood on later-life. Further, the effects of 
early-life malnutrition are higher for individuals in the ‘only famine-affected’ group 
than those in the ‘flood- and famine-affected’ group. This result is extremely crucial 
because it shows that an individual shocked by two catastrophes (i.e., famine and 
flood) was less likely to be affected in early-life than an individual who faced only 
one catastrophe (i.e., famine). We successfully show that this outcome is because the 
number of langarkhanas45 (per million people) existed more amply in double-
catastrophe areas compared to only-famine areas. In other words, alleviation 
mechanisms for disasters were stronger in districts that experienced the two 
catastrophes than in those with only one disaster. 
The rest of the paper is structured as follows: Section 4.2 provides a brief 
overview of the 1974 flood; Section 4.3 describes the data and measurement; Section 
4.4 discusses the econometric approach; 4.5 discusses the estimation results and 
some sensitivity checks; and Section 4.6 concludes. 
                                                 
45 Langarkhana was a type of gruel kitchen that distributed free cooked meals of a modest size to 
people who were exposed to either flood or starvation. In 1974, the Bangladesh Government opened 
roughly 6,000 langarkhanas and fed almost four million people (see Muqtada, 1981). 
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4.2. The Concurrent Flood and Famine in 1974–1975 in 
Bangladesh: An Overview 
Flood is a frequent natural catastrophic event in Bangladesh (see Mustafi & Azad, 
2003; Rayhan, 2010). It occurs every year because of the monsoonal rain in upstream 
rivers. Evidence suggests that roughly 60% of the land in Bangladesh is flood-prone, 
and 25% is overwhelmed by monsoon flood water between June and October every 
year (see Siddique, 2000). Importantly, Bangladesh has a long history of dealing with 
flood management interventions. In 1972, the Government of Bangladesh developed 
a permanent entity—the Flood Forecasting and Warning Centre (FFWC) of the 
Bangladesh Water Development Board (BWDB)—to provide people with flood-
related data, alert combat agencies for implementing their early preparedness 
measures and deliver flood warning messages to flood-prone communities. 
Flood is associated with socioeconomic depredation in Bangladesh. The 
widely-known floods that threatened lives and the economy occurred in 1974, 1985, 
1988, 1998, 2008 and 2011 (see Annual Weather Report, 2014). As Bangladesh 
achieved its independence in 1971, the 1974 flood was the first major flood to occur 
after its independence. Despite the regular presence of flood in Bangladesh, the 1974 
flood was unprecedented for the following reasons. First, unlike most floods, which 
inundate large parts of land for several days or weeks between July and August every 
year, the 1974 flood began in June and lasted until October (see Siddique, 2000; 
Mustafi & Azad, 2003). Second, the 1974 flood is in the upper rank of the tally (i.e., 
5th ) in terms of flood-affected areas as a percentage of the total area of the country 
from the year 1954 to 2004 (see Hofer & Messerli, 2002). In particular, this flood 
covered more than 52,000 km2 of land, that is, 36.84% of the country (see Hofer & 
Messerli, 2002). Third, the scale of this flood was huge. For example, nearly 2,000 
people died (see Alamgir & Salimullah, 1977), more than one million were injured 
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and millions remained homeless between June and October 1974 (see Davis, 2010). 
Further, the 1974 flood resulted in a considerable drop in production. It destroyed a 
major part of the aus rice crop (i.e., the principal rice crop), the seedlings of the 
aman (i.e., the second most important rice crop) and a part of the boro (i.e., another 
important rice crop). It is worth noting that the harvesting periods of aman and boro 
were July to August and April to June, respectively, and the transplanted period of 
aman was July to September (see Alamgir, 1980; Sen, 1981; Dyson, 1991).46  
Besides, the unique idiosyncrasy of the 1974 flood was that it was followed by the 
deadliest and the widely-known famine in the history of Bangladesh (see Alamgir, 
1980; Sen, 1981; Razzaque et al., 1990; Quddus & Becker, 2000; Schendel, 2009).  
The spatial distribution of the severity of the 1974 flood differs across 
districts in Bangladesh. According to Hofer and Messerli (2002), the 1974 flood hit 
the country in three phases. At the end of June, it mainly attacked the districts 
situated in the north-western (i.e., Rangpur and Pabna), north-eastern (i.e., Sylhet) 
and central-eastern (i.e., Mymensingh and Comilla) areas of Bangladesh. At the 
beginning of August, it reached the most severe phase and affected almost all 
districts. The final phase was regionally concentrated to the north-western (i.e., 
Rangpur) part of Bangladesh. Based on the available data on flood severity measures 
across districts, the maximum depth of flood inundation was recorded as 15 (ft) in 
Mymensingh followed by 13 (ft) in Sylhet and Chittagong, while in terms of the 
duration of the flood, it persisted for the longest period in Pabna, followed by Dhaka, 
Rangpur and Mymensingh and in terms of the proportion of flood-affected areas as a 
percentage of the total area of the district, the highest value was recorded in Comilla, 
followed by Dhaka and Tangail (see Alamgir & Salimullah, 1977).  As mentioned 
earlier, one of the main outcomes of the 1974 flood was the deadliest famine in 
                                                 
46 The major contemporaneous consequences of the 1974 flood in Bangladesh are presented in 
Appendix Table 4.1. 
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1974–1975, which resulted in around 1.5 million deaths (see Alamgir, 1980; 
Schendel, 2009). Supported by the most of the literature, the Bangladesh famine 
began in June 1974 and ended in July 1975. Notably, the most severe period of this 
famine was from July 1974 to October 1974, which coincided with the duration of 
heavy flood in 1974 (see Alamgir, 1980; Hernández-Julián et al., 2014). There are 
two alternative approaches—food availability decline (FAD) and food entitlement 
failure (see Alamgir & Salimullah, 1977, 1980; and Sen, 1981)—to explain this 
famine in Bangladesh. This famine hit all parts of Bangladesh; however the severity 
varies across the districts (see Alamgir & Salimullah, 1977, Alamgir, 1980; Sen, 
1981). A brief overview of this famine is given in our second essay.  
The extant literature shows that both flood and famine have been used 
(separately) as the exogenous shocks to investigate the long-term consequences in 
different parts of the world (e.g., Del Ninno & Lundberg 2005; Almond et al., 2007; 
Chen & Zhou, 2007; Meng & Qian, 2009; Goudet et al., 2011; Ampaabeng & Tan, 
2013; Neelsen & Stratmann, 2011; Huang et al., 2013; Fan & Quian, 2015). As 
Bangladesh faced both of these events concurrently and the duration of the flood and 
severe famine coincided, as well as the severity of famine and flood differed across 
the districts,47 we can exploit these concurrent events to examine their long-term 
consequences on their survivors with a view to teasing out the more dominant source 
of early-life shock in Bangladesh. 
                                                 
47 Famine in 1974–1975 hit all over Bangladesh (64 districts). Maps 3.2 and 3.3 in the second essay of 
this thesis show the inter-district variation of famine severity in terms of the change in rice-exchange 
rate of labours (percentage) and the change in rice production (percentage), respectively. In contrast, 
flood in 1974 did not affect all of the districts in Bangladesh. Appendix Tables 4.2 and 4.3 
demonstrate the list of flood-affected districts and list of non-flood-affected districts, respectively. 
Importantly, the severity of flood varied across the districts in Bangladesh. Maps 4.1–4.3 show the 
inter-district variation of flood intensity in terms of the maximum depth of flood inundation (ft), 
period of flood inundation (months) and the proportion of flood-affected areas as a percentage of the 
total area of the district, respectively. 
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4.3.  Data and Measurement 
4.3.1.  Data on Sociodemographic Variables 
The individual-level data used in this study are derived from the Integrated Public 
Use Microdata Series (IPUMS) dataset, which has been widely used in many 
previous studies (e.g., Angrist, 2002; Neelsen & Stratmann, 2011; Umana-Aponte, 
2011). In particular, we use the 1991 Bangladesh Population and Housing Census 
wave of data from the IPUMS website (see Minnesota Population Center, 2014) to 
obtain basic sociodemographic information such as age, sex and education of each 
household member. The major advantage of using this dataset is that it contains a 
large number of observations (i.e., 10.58 million individual observations) covering 
10% of the population in Bangladesh. 
As discussed in the first and second essays of this thesis, there are some 
drawbacks with the 1991 census dataset. The first issue is that it does not contain 
information on the place of birth of the sample. Likewise, in the second essay of this 
thesis, we use the 1974–1981 inter-district net migration data published by the 
Bangladesh Bureau of Statistics (1984) and reported by Nabi (1992)  and address the 
potential selection bias through migration. 48 Second, in the first and second essays of 
this thesis, we have already discussed that Bangladesh census dataset does not 
contain individuals’ birth year information, so we compute that following the same 
approach as followed before.49 
 
 
                                                 
48 Map 3.4 in the second essay of this thesis presents the data on inter-district migration from the 
available source and the potential selection bias evident through migration has been addressed using 
these data in Section 4.4.3. 
49 ܻ݁ܽݎ	݋݂	ܤ݅ݎݐ݄ ൌ ܥ݁݊ݏݑݏ	ܻ݁ܽݎ െ ܣ݃݁ െ 1.	 
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4.3.2. Data on 1974 Flood Severity Measures 
Following Glewwe et al. (2001), Chen and Zhou (2007) and Ampaabeng and Tan 
(2013), we examine the differences in flood severity across the districts in 
Bangladesh to determine the effects of flood-led early-life malnutrition on survivors 
in later-life. In our analysis, we use three flood severity measures across districts, 
including maximum depth of flood inundation (ft), period of flood inundation 
(months) and the proportion of flood-affected areas as a percentage of the total area 
of the district.50 The data on these variables are sourced from Government of 
Bangladesh, Water Development Board, Annual Report on Flood in Bangladesh 
1974 and April 1975 that were compiled by Alamgir & Salimullah (1977). 
Importantly, the data on these variables were reported at the greater district level, as 
there were 19 greater districts/regions in Bangladesh in 1974. To obtain district-level 
flood severity measures, we first separate the greater districts into 64 smaller districts 
and specify which region each district belonged to. This conversion approach results 
in flood severity measures for 64 districts. 
4.3.3.  Data on 1974–1975 Famine Severity Measures 
To test whether the results are a manifestation of the 1974 flood, we carry out our 
estimation using flood severity measures, as discussed above, controlling for the two 
famine severity measures, that is, the rice-exchange rate of labour (%) and total 
production of rice (%).51 Data on severity measures related to the famine were 
compiled by the Bangladesh Institute of Development Studies (1974), reported by 
Alamgir & Salimullah (1977) and calculated by Sen (1981). We also use the data on 
                                                 
50 Maps 4.1–4.3 display the data on these three flood severity measure.  
51 Maps 3.2 and 3.3 in the second essay of this thesis present the data on these two famine severity 
measures.  
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the number of langarkhanas (free-food houses) per million people across the districts 
in Bangladesh during the famine that are sourced from Alamgir & Salimullah (1977) 
for the robustness checks of our estimates. Importantly, these data were also obtained 
at the greater district level, and we employ the same conversion approach as we did 
in the previous section to obtain three flood severity measures for 64 districts.  
4.4.  Econometric Approach 
4.4.1.  Specification of Treatment and Control Groups 
Recall that the 1974 flood in Bangladesh began in June 1974 and ended in October 
1974, while the famine in Bangladesh began in June 1974 and ended in July 1975 
and the most severe duration of this famine was from July 1974 to October 1974 (see 
Alamgir, 1980; Hernández-Julián et al., 2014). To empirically estimate the long-term 
effects of the double catastrophe, we first specify our regression sample, which 
comprises 12 birth cohorts born during 1968–1979. We split the regression sample 
into two groups: treatment and comparison. The first group consists of individuals 
who were aged 0–2 years and/or in utero between 1972 and 1975.52 The second 
group comprises individuals born between 1968 and 1971 (i.e., cohorts who 
experienced the flood and/or famine, but not at their critical age of early-life) and 
between 1976 and 1979 (i.e., cohorts who did not experience the above mentioned 
shocks at their critical age of early-life). The reason for choosing these cohorts of 
                                                 
52 Unlike the Greek census dataset used by Neelsen and Stratmann (2001) and the Ghana Education 
Impact Evaluation Survey dataset used by Ampaabeng and Tan (2013), the 1991 Bangladesh census 
dataset does not include month of birth information. Despite this, including the 1972–1975 birth 
cohorts in the treatment group, we are able to specify those who experienced flood- and famine-
related nutritional deprivation (June 1974–October 1974) as foetuses or up to 24 months. To be more 
specific, the oldest members of the birth cohort born in 1972 (July) were affected in their twenty-
fourth month of life when the shocks struck. Accordingly, the oldest members of the 1973 birth cohort 
(July) received treatment between the twelfth and fifteenth months of life. The individuals included in 
the 1974 birth cohort (born in July) experienced the shocks from their first month to their third month 
of life. Finally, part of the 1975 birth cohort (i.e., born only in July) was exposed to the shocks 
remaining in the first month of the gestational period (i.e., October 1974). 
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interest as treatment–comparison groups is consistent with the definition of ‘early-
childhood’ followed by most existing literature (e.g., Walker et al., 2007; Bryce et 
al., 2008; Victoria et al., 2008; Neelsen & Stratmann, 2011). As discussed in Section 
4.1, many peer-reviewed research findings show that early-childhood malnutrition 
has significant effects if it is experienced in the first 24 months of life or in utero. 
Thus, the intention is to measure the effects of early-life exposure on the children 
included in this critical age group and compare them with the children not included 
in the critical age group who were either affected by the flood and/or severe famine 
in 1974, or who never experienced it. Notably, we confine the birth cohorts in the 
comparison group to four years before and after the catastrophic period because they 
were not exposed to the flood and/or famine in their first two years of life or in utero. 
Thus, with respect to the effective sample size for the econometric estimation 
in this paper, the sample size is 2,475,054 (i.e., individuals born in 1968–1979), of 
which 802,663 observations (i.e., individuals born in 1972–1975) are in the treatment 
group and 1,672,391 observations (i.e., individuals born in 1968–1971 and 1976–
1979) are in the comparison group. The treatment group of individuals (i.e., 1972–
1975 birth cohorts) were aged between 15 and 18 years in the 1991 census round, 
while older individuals in the regression sample were 22 years old and younger 
individuals were 11 years old. 
4.4.2. Model Specification 
To analyse the effects of malnutrition on survivors in later-life as a result of the 
flood, our empirical analysis begins by estimating the following two-way interaction 
model: 
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௜ܻ௝௧ ൌ 	ߚ଴ ൅ ߚଵ	൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧	ܨ݈݋݋݀ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝൯൅ܯ݈ܽ݁௜
൅ ܴ݈݁݅݃݅݋݊௜ ൅	ܴݑݎ݈ܽ௜ ൅	ݕ݋ܾ௜ ൅	ݕ݋ܾ௜ଶ 	൅ ߙ௝ ൅ ߛ௧
൅	Ɛ௜௝௧																																			ሺ4.1ሻ	
where the dependent variable ௜ܻ௝௧ is the outcome variable constituting a set of 
dummy variables—including literacy and primary school dropout—as the measure of 
education outcome for individual ݅, born in district ݆	 in year ݐ. 
ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧ ൌ 0	݋ݎ	1 indicates the birth cohort (discussed in previous 
section) that individual i belongs to. Specifically, birth cohort 
ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧ ൌ 1 is group of individuals born between 1972 and 1975, 
while birth cohort ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧ ൌ 0 comprises those born four years before 
and after the flood period. The ܨ݈݋݋݀ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝	denotes flood intensity as 
measured by the maximum depth of flood inundation (ft), the period of flood 
inundation (months) and the proportion of flood-affected areas as a percentage of the 
total area of the district. Importantly, these three severity measures are used 
separately in different models. The inclusion of the interaction variable in the model 
captures the causal effects of the flood on individual i from a flood-exposed district. 
The ܯ݈ܽ݁௜	 dummy variable represents gender and is indicated by 1 if the individual 
is male and 0 otherwise. ܴ݈݁݅݃݅݋݊௜ is a dummy variable that equals 1 if individual ݅ 
is non-Muslim and 0 otherwise. The ܴݑݎ݈ܽ௜ dummy variable refers to the rural 
residence, as indicated by 1, and 0 otherwise. Further, ݕ݋ܾ௜ is the year of birth of 
individual ݅. We also include the squared year of birth (i.e., ݕ݋ܾ௜ଶሻ in our model to 
address nonlinearities in outcome trends (see Almond & Mazumder, 2005; Neelsen 
& Stratmann, 2011). Further, the inclusion of ߙ௝ (i.e., district fixed-effects) and ߛ௧ 
(i.e., cohort fixed-effects) in the model ensures that any time-invariant factors that 
may vary across districts, as well as any possible shocks that the cohorts may 
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experience in their later-life, are controlled for their effects on the outcomes of 
interest ௜ܻ௝௧. We estimate Model (4.1) for the full regression sample. We only present 
the coefficients and the t-statistics of ߚଵ	 in Table 4.2. 
It is not clear whether the coefficients of our benchmark model in Model (4.1) 
can explain the true effects of the flood, as the deadliest flood 1974 in Bangladesh 
was followed by another deadly disaster (i.e., 1974–1975 famine), and the severe 
duration of the second disaster coincided with the duration of the flood (see Alamgir, 
1980; Hernández-Julián et al., 2014). Hence, one may ask whether the effects of 
malnutrition in 1974 on the birth cohorts in the critical age group (i.e., in the first 24 
months of life or in utero) are engendered from the first disaster (i.e., flood), or 
whether they result from the second disaster (i.e., famine). Therefore, to check 
whether the effects of the flood, as obtained from estimating Model (4.1), are really 
driven by the flood in 1974, we augment the benchmark model (i.e., Model 4.1) with 
regard to controlling for famine intensity across the districts. In particular, we 
estimate the following model: 
௜ܻ௝௧ ൌ 	 ߣ଴ ൅ ߣଵ	൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧		ܨ݈݋݋݀ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝൯
൅	ߣଶ	൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧	ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝൯൅ܯ݈ܽ݁௜
൅ ܴ݈݁݅݃݅݋݊௜ ൅	ܴݑݎ݈ܽ௜ ൅	ݕ݋ܾ௜ ൅	ݕ݋ܾ௜ଶ ൅ ߙ௝ ൅ ߛ௧ 						
൅ 	Ɛ௜௝௧																																																				ሺ4.2ሻ 
where ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ௝ denotes two alternative famine severity measures 
(i.e., the percentile change in rice-exchange rate of labour and the percentile change 
in total production of rice). We use these two severity measures separately in 
different models. We only report the coefficients and t-statistics of ߣଵ	 and ߣଶ	 in 
Table 4.3. 
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 After a thorough literature review of the 1974 Bangladesh flood and the 
1974–1975 Bangladesh famine, as well as an examination of the available data on 
flood and famine severity measures, we find that the spatial distribution of the flood 
and the famine across the districts was not the same (discussed in Section 4.2). In 
particular, all of the districts in Bangladesh were affected by the famine, while some 
of the districts were exempted from the flood in 1974. Thus, we split the sample into 
two groups—‘both flood- and famine-affected’ and ‘only famine-affected’—and 
estimate the model for the two groups separately to identify the dominant factor 
resulting in early-life malnutrition that led to adult education outcomes. In turn, we 
estimate the following model: 
௜ܻ௝௧ ൌ ߤ଴ ൅ ߤଵ൫ܶݎ݁ܽݐ݉݁݊ݐܦݑ݉݉ݕ௜௧		ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ1௝	൯ ൅	ܯ݈ܽ݁௜
൅	ܴ݈݁݅݃݅݋݊௜ ൅	ܴݑݎ݈ܽ௜ ൅ ݕ݋ܾ௜ ൅	ݕ݋ܾ௜ଶ ൅ ߙ௝ ൅ ߛ௧ 					
൅ 	Ɛ௜௝௧																														ሺ4.3ሻ 
where ܨܽ݉݅݊݁ܵ݁ݒ݁ݎ݅ݐݕ	ܫ݊݀݁ݔ1௝ represents the percentile change in rice-exchange 
rate of labour as a famine severity measure for two sample groups in different 
models. We only report the coefficients and the t-statistics of the ߤଵ	 in Table 4.4 for 
the two groups. 
4.4.3.  Potential Biases 
Several types of potential empirical biases may influence the estimation of our 
benchmark model (i.e., Model 4.1), as outlined below. 
First, a selection bias may arise from migration. Existing literature suggests 
that natural disasters are correlated with migration (e.g., Smith, 2007; Naudé, 2008; 
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Drabo & Mbaye, 2011).53  In addition, unlike many other countries (e.g., Ghana), 
migration is not restricted in Bangladesh; therefore, there might be high levels of 
migration of flood- and/or famine-affected individuals across the districts. Moreover, 
recall that the 1991 census wave does not contain place of birth information for the 
sample. Thus, the specification without controlling for birth place information might 
have an upward bias. However, unlike the second essay in this thesis, as a 
falsification test, we run three separate regressions of inter-district migration rate and 
flood severity measures, including the maximum depth of flood inundation (ft), the 
period of flood inundation (months), and the  proportion of flood-affected areas as a 
% of the  total area of the district.54 In Table 4.6, we find that the coefficients of the 
first two flood severity measures on migration are not significantly related (Columns 
1 and 2), which can be used as a potential evidence that flood and migration are not 
related to render our estimates in Model (4.1) biased.   
Second, a growing body of literature suggests that individuals who are 
genetically weaker have less chance of survival if they experience the shock in their 
critical age compared to the counterfactual group of individuals (e.g., Valaoras, 
1946; Neelsen & Stratmann, 2011). This may result in a lower mortality rate among 
our treated birth cohorts. However, if one issue ‘survival of the fittest’ prevails, 
another issue (the consequences of genetic characteristics on socioeconomic 
outcomes in the aftermath) might show that our coefficients can underestimate the 
true effects of early-life exposure. 
In addition to selection bias through mortality, potential sample selection bias 
may arise through selective fertility, as women might be affected by physical 
                                                 
53 For instance, around the world, floods have displaced 22 million people per year since 1985 (see 
Aguilar et al., 2011, p. 2). The tsunami in Indonesia led to the migration of 500,000 people, whereas 
Hurricane Katrina in 2005 resulted in tens of thousands of migrants in 26 states of the US, and 
Hurricane Mitch increased male migration from Honduras to Nicaragua (see Smith, 2007). 
54 In Table 3.8 in the second essay of this thesis, we notice that migration and famine are not 
correlated in Bangladesh. 
113 
 
irregularities, such as cessation of menstruation (i.e., amenorrhea), due to severe 
malnutrition (see Valaoras, 1946), or they may not conceive by choice because of 
malnutrition or disease. Further, lost births are more frequent among the poor, and 
this reduces the number of individuals with poor parents. If having poor parents is 
associated with inferior outcomes later in life, selective fertility reductions can 
provide better outcomes to the treatment group as opposed to the comparison group. 
This will in turn cause downward bias in our estimates. 
Further concern for our empirical estimates is the potential omitted variable 
biases. However, as we employ difference-in-differences strategy comparing the 
long-term effects of malnutrition in early-life on the individuals, who received 
treatment with the individuals, who were born just before and after the treatment 
period as a control group, any selection bias caused by omitted variables—such as 
parental socioeconomic status or individual’s income level—common to both 
treatment and control groups are differenced out, and unlikely to contaminate our 
results. 
4.5.  Long-Term Effects of the Double Catastrophe: Estimation 
Results 
4.5.1.  Descriptive Statistics 
Table 4.1 presents descriptive statistics for the key variables used in our analysis. 
Column 1 in Table 4.1 provides mean values for the full sample (i.e., the cohorts 
born between 1968 and 1979) of whom 32% belongs to the treatment group. The 
average age of the regression sample is around 16 years. Columns 2 and 3 report the 
mean values for the treatment group (i.e., the birth cohorts born between 1972 and 
1975) and the comparison group (i.e., the birth cohorts born between 1968 and 1971 
as well as the birth cohorts born between 1976 and 1979, respectively). In terms of 
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education outcomes, Table 4.1 shows a noticeable difference between the treatment 
and control groups. In particular, the average literacy rate of individuals in the 1972–
1975 cohorts is roughly 5% lower than in the other cohorts, while the primary school 
dropout rate is, on average, almost 7% higher for the treatment cohorts compared 
with the comparison cohorts. Table 4.1 shows that the mean share of males is larger 
among the treatment cohorts than the non-treatment cohorts, which reflects the 
higher likelihood of male children suffering from malnutrition. This is consistent 
with the findings of many existing studies related to early-life malnutrition in many 
countries (e.g., Helger, 1949; Jakobovits, 1991; Neelsen & Stratmann, 2011). 
Further, although there are no noticeable differences in terms of the share of rural- 
and urban-born individuals between the treatment and comparison groups, the mean 
number of rural individuals in the treatment cohorts is slightly (i.e., 0.003%) larger 
than in the comparison cohorts. This result is also consistent with the finding—that 
is, that the effects of natural disasters are stronger in rural than urban communities—
of most studies related to early-life malnutrition (e.g., Chen & Zhou, 2007; Berry et 
al., 2008, 2011). With regard to both flood and famine severity measures, Table 4.1 
shows that the mean values are higher for the treatment group than for the 
comparison group.  
4.5.2.  Effects of the 1974 Floods on Education Outcomes 
Table 4.2 shows the regression results estimating our benchmark model (Model 4.1). 
We estimate separate regressions for each outcome (i.e., literacy and primary school 
dropout) by examining three different flood severity measures: maximum depth of 
flood inundation (ft), period of flood inundation (months) and proportion of flood-
affected areas as a percentage of the total area of the district. In our estimation, we 
expect to find stronger effects of flood and that this finding will be consistent with 
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the findings of the extant literature.55 Table 4.2 only reports the coefficients of the 
interaction terms between treatment dummy and the flood severity measures across 
the districts, which explain the estimated effects of the flood on each education 
outcome, as discussed in the previous section. 
Columns 1 and 2 of Table 4.2 present the coefficients of the interaction 
variables estimating the causal effects of the flood on the ‘literacy’ and ‘primary 
school dropout’ outcomes, respectively. Consistent with our expectation, column 1 in 
Table 4.2 shows that if the percentage change in the maximum depth of flood 
inundation in a district increases by 1% during the flood in June–October 1974, the 
likelihood that flood-affected cohorts born during 1972–1975 in that particular 
district will be literate decreases by around 0.13%. In addition, the estimated 
coefficient of the second interaction term is -0.580, suggesting that with a 1% 
increase in the period of flood inundation in a district, the probability of the cohort in 
that district being literate decreases by 0.58%. Further, examining the third severity 
measure, our estimation finds the effect of flood on the ‘literacy’ outcome as the 
coefficient is -0.006. We conduct the same estimation for the ‘primary school 
dropout’ outcome, and the coefficients are reported in column 2 of Table 4.2. As 
expected, column 2 shows qualitatively similar results to column 1. Specifically, the 
obtained estimated coefficients of the respective interaction variables are 0.152, 
0.515 and 0.002. 
To sum, the findings show strong, statistically significant effects on the 
‘literacy’ and ‘primary school dropout’ outcomes from the first two interaction 
terms, while the third interaction term shows statistically insignificant effects on both 
outcomes (Columns 1 and 2 of Table 4.2). Importantly, although the estimated 
                                                 
55 Findings in earlier studies suggest that floods are associated with early-life malnutrition (e.g., Del 
Ninno & Lundberg, 2005; Alderman et al., 2012) in developing countries. Notably, early-life 
malnutrition is one of the crucial components for the long-term human capital formation in these 
countries (see Ampaabeng & Tan, 2013). 
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coefficients of the first two interaction terms are strongly significant, the coefficient 
of the second interaction term is around 0.46% larger than the first one for the 
‘literacy’ outcome and 0.36% larger for the ‘primary school dropout’ outcome. These 
results are plausible because there is a wider variation (e.g., 0–15 ft) in the available 
data for the first severity measure across districts because of the spatial ruggedness of 
the districts in Bangladesh, while there is a smaller variation (e.g., 0–5 months) in the 
available data for the second severity measure.  
4.5.3. Flood Versus Famine on Education Outcomes:  Sensitivity Tests  
Given that the flood in 1974 and the famine in 1974–1975 in Bangladesh occurred 
simultaneously, and that the severe duration of the famine coincided with the 
duration of the heavy flood (e.g., Alamgir, 1980; Hernández-Julián et al., 2014), it is 
important to investigate whether the long-term effects of early-life malnutrition on 
the 1972–1975 birth cohorts are resulting from the famine rather than the flood. We 
account for this possibility by estimating Model (4.2). Importantly, in the estimation 
of Model (4.2), we interact the treatment dummy with three flood severity measures 
and with two famine severity measures separately for each outcome. The estimated 
results are reported in Table 4.3. 
In contrast to Table 4.2, the results in Table 4.3 are obtained from the 
interaction terms between the treatment dummy and the flood severity measures, 
controlling for the famine severity measures.56 From the results presented in Table 
4.3, we can verify whether the estimated effects result from the famine, as we 
suspect, because the flood in 1974 was followed by the famine in 1974–1975, and 
the birth cohorts exposed to the flood in their early-life were also exposed to the 
famine at the same age. The table only reports the coefficients of the interaction 
                                                 
56 The details of the treatment dummy, flood severity measures and famine severity measures are 
given in Section 4.3.  
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terms. Panel A of Table 4.3 reports the coefficients of the interaction variables 
between the treatment dummy and the flood severity measures and between the 
treatment dummy and the first famine severity measure (i.e., a percentage change in 
rice-exchange rate of labour). In contrast, Panel B of Table 4.3 presents the 
coefficients of the interaction variables between treatment dummy and flood severity 
measures as well as between treatment dummy and second famine severity measure 
(i.e., the percentage change in rice production).  
If we observe the coefficients reported in Panel A of Table 4.3, we find that 
the coefficients of the interaction between treatment dummy and the first famine 
severity measure for the ‘literacy’ outcome are strongly significant, while the 
coefficients of the interaction between treatment dummy and the flood severity 
measures are comparatively weakly significant, if not insignificant (Column 1in 
Panel A). We also find almost similar results for the ‘primary school dropout’ 
outcome. In particular, the coefficients examining the famine severity measure are 
statistically significant at the 1% level, but the others are not (Column 2 in Panel A). 
Panel B of Table 4.3 shows almost identical results to those displayed in 
Panel A. More specifically, the coefficients of the interaction term examining the 
second famine severity measure (i.e., the percentage change in rice production as a 
proxy for food availability) for both education outcomes are mostly strongly 
significant, while the coefficients of the interaction between treatment dummy and 
flood severity measures are comparatively weakly significant, if not insignificant. 
The results presented in Panels A and B suggest that famine is the dominant 
factor for early-life exposure in 1974 in Bangladesh. Interestingly, although the 
coefficients of the interaction terms examining both the food entitlement and food 
availability approaches provide statistical support in relation to adults’ education 
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outcomes, the entitlement approach provides larger coefficients. The pattern obtained 
here is indistinguishable from the one in our second essay. 
4.5.4.  Double Catastrophe on Education Outcomes for Subsamples: Sensitivity 
Tests 
Given that the flood and the famine in Bangladesh occurred at the same time and the 
famine affected all of the districts in Bangladesh, but the flood did not, it is plausible 
to expect that the long-term effects of early-life malnutrition on the 1972–1975 
cohorts differ between the sample from both the flood- and famine-affected districts 
and the sample from districts affected by the famine only.57 To investigate that we 
estimate separate regressions for each education outcome by splitting our sample into 
two groups concerning both the flood and famine severity measures across the 
districts. The first subsample is the sample included in “flood- and famine-affected” 
group, and the second subsample is included in the “only famine-affected” group. 
Table 4.4 shows the results estimating Model (4.3). For comparison purposes, 
columns 1, 3 and 5 present the coefficients of the interaction variable between the 
treatment dummy and the change in rice-exchange rate of labour (%) for the “flood- 
and famine-affected” group, while columns 2, 4 and 6 present those for the “only 
famine-affected” group. Extant literature finds that the effects are stronger from 
double shock than from a single shock (see Alderman, 1996). To be consistent with 
this finding, in our estimation, we initially expect that the effects will be stronger for 
                                                 
57 The available data on flood severity measures show that some districts were not affected by the 
1974 flood (e.g., Alamgir & Salimullah, 1977), whereas according to the data on famine severity 
measures, all of the districts in Bangladesh (i.e., 64 in number) were affected (e.g., Alamgir & 
Salimullah, 1977; Sen, 1981). In particular, with reference to the maximum depth of flood inundation 
(i.e., the first flood severity measure considered in this paper), there was no flood in 13 districts, but 
famine was present in those districts. Further, in terms of the duration of the flood (i.e., the second 
flood severity measure), 10 districts were not affected by flood, but they were affected by famine. 
Finally, in relation to the proportion of flood-affected areas as a percentage of the total area of the 
district (i.e., the third flood severity measure), seven districts were affected by the famine only. The 
list of the flood-affected districts under each category of flood severity measure is presented in 
Appendix Table 4.2. 
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the sample affected by both the flood and famine than for the sample affected by 
only the famine, as the former group was shocked by the double catastrophe in 1974.  
Our estimation finds that the chance of being literate is reduced by around 
0.06% of the sample belonging to the “flood- and famine-affected” group compared 
to around 0.16% for the “only famine-affected” group (Columns 1 and 2 in Table 
4.4); these results are statistically significant at the 1% level. To gain a better 
understanding on the economic significance, we translate these coefficients in terms 
of total population of Bangladesh in 1991, i.e., 105.80 million and we find that 
approximately 6.35 million people of the “flood- and famine-affected” group is 
likely to be literate, while approximately 16.93 million people of the “only famine-
affected” group is dropped out from primary schooling in 1991as an effect of early-
life exposure in 1974. In particular, the probability of getting literate sample in the 
“only famine-affected” group is 10.58 million more as compared to the sample in the 
“flood- and famine-affected” group in 1991. Further, the probability of an increase in 
primary school dropout rate is almost 0.08% more for the sample with the “only 
famine-affected” group than for the counterfactual group (Columns 1 and 2 in Table 
4.4). In particular, the probability of getting primary school dropout individuals is 
8.46 million more as compared to the sample in the “flood- and famine-affected” 
group in 1991 sample in the “only famine-affected” group is 10.58 million more as 
compared to the sample in the “flood- and famine-affected” group in 1991. The 
results shown in columns 3 and 4 and columns 5 and 6 do not suggest any significant 
changes compared with the results presented in columns 1 and 2 in Table 4.4. 
Therefore, the results presented in Table 4.4 are not consistent with our initial 
expectation mentioned above. This is not only because the effects are greater on the 
sample with the ‘only famine-affected’ group compared with the ‘flood- and famine-
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affected’ group, but also because, in many cases, the effects are at least twice as 
strong.  
As the results shown in Table 4.4 do not go with our general inference in that 
individuals affected by both famine and flood should not experience with higher 
level of literacy rate and lower level of primary school dropout as compared with 
others, we try to find out the best plausible explanation for that. One plausible 
explanation might be that a major part of the “only famine-affected” sample is from 
the hilly and rugged districts, for example Rangamati, Khagrachari, and Bandarban 
(see Appendix Table 4.3). Anecdotal evidence depicts that these geographically 
disadvantaged districts are backward in their levels of development (see Barkat et al., 
2009; Hossain, 2013).   
However, a more important and measurable explanation could be about the 
alleviation mechanisms related to the disasters. It is likely that famine effect-
smoothing interventions, such as number of langarkhanas might be in “flood- and 
famine-affected” districts and “only famine-affected” districts. To explain this 
conjecture, we check the data on the number of langarkhanas (per million people) 
across districts during 1974 and found that the numbers were less, and sometimes 
none, in “only-famine affected” districts (see Figure 4.1 and Map 4.4).).   
To empirically estimate whether the number of langarkhanas (per million 
people) differ in “flood- and famine-affected and “only famine-affected” districts, we 
estimate some regressions. We present the results in Table 4.5. Each column in the 
table represents separate specifications. 
Column 1 in Table 4.5 presents the coefficients of the rice-exchange rate of 
labour as a district-level famine severity measure. Columns 2–4 present the 
coefficients of three flood severity dummies: flood dummy 1, flood dummy 2, and 
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flood dummy 3.58 The coefficients presented in columns 1–4 are positive and 
significant suggesting that the likelihood of the number of langarkhanas (per million 
people) was more in the districts that were affected by a single shock, that is, either 
by flood or famine. Interestingly, although all of the coefficients are significant, the 
magnitude of the significance for the rice-exchange rate of labour is lower relative to 
the others. It indicates that the number of langarkhanas (per million people) was 
lower in the famine-affected districts as compared with the flood-affected districts. 
Therefore, it is plausible to say that the long-term effects of early-life malnutrition in 
the “only famine-affected” districts were relatively stronger. 
We estimate a two-way interaction model with the interaction between 
famine severity and flood dummy. In column 5, the coefficients of the rice-exchange 
rate of labour is nearly -2.18 indicating that in the “famine-affected districts”, with 
1% increase in the famine severity level, the number of langarkhanas (per million 
people) decreased by nearly 2%. In contrast, the coefficient of the interaction term is 
nearly 2.71, that is, in the “famine-affected districts” that were also inundated by 
flood, the probability of the number of langarkhana were more. In particular, in the 
districts that were affected by double shocks (i.e., both famine and flood), 
government might have established more langarkhanas as a famine effect-smoothing 
mechanism. We also conduct the same exercise using flood dummy 2 and flood 
dummy 3 (Columns 6 and 7) and our results are identical to the ones in column 5. 
These results clearly led us to conclude that in Bangladesh the probability of being 
literate and not-dropout from primary school is more for the sample included in the 
“only famine-affected” district as of 1991.  
                                                 
58 Flood dummies are created by using the three flood severity measures Recall that the flood severity 
measures include flood inundation (ft), flood duration (months) and flood-affected areas (as a 
percentage of the total area of the district). The first severity measure is used to create flood dummy 1, 
that is, flood dummy 1 is equal to 1 if the district is flood-affected and 0 otherwise. We create flood 
dummy 2 and flood dummy 3 using the rest two severity measures, respectively. 
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4.6. Conclusions 
This essay examines the effects of the 1974 floods and the 1974-75 famine in 
Bangladesh and early-childhood malnutrition of children aged up to 24 months or in 
utero on adult education outcomes employing a 1991 national-level census dataset 
with 10.58 million observations. The novel feature of this essay is that we estimate 
the effects of a double catastrophe, famine and flood, experienced by early-life 
individuals. To the best of our knowledge, no study has hitherto analysed the effects 
of such two shocks faced by early-life survivors. The fact that the duration of the 
severe famine coincided with the duration of the heavy floods and the spatial 
variation in the distribution of famine severity and flood presence enable a unique 
natural experimental design to tease out the later-life outcomes of child survivors.  
We use three different flood severity measures at the district level to interact 
with the treatment dummy (i.e., children exposed to the flood in the critical age of 
early-life) and find that the flood had adverse education consequences for survivors. 
However, accounting for famine occurrence and severity, the findings suggest that 
famine was the leading cause of early-life malnutrition in 1974. We also find, 
interestingly but not surprisingly, that the effects are stronger in the sample of “only 
famine-affected” districts as compared to the sample included in “both flood- and 
famine-affected” districts. We show that the number of langarkhana (free-food 
house) per million of people is significantly higher in double-catastrophe districts 
compared to single-catastrophe areas, demonstrating that alleviation mechanisms 
differed across the two areas. Early-life survivors located in the double-catastrophe 
areas were advantaged because possibly the government accumulated the resources 
in areas where the natural disaster exposure is the greatest. 
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Tables 
Table 4.1: Descriptive Statistics 
 1 
Full Sample 
2 
Flood & Famine- 
Affected = 1 
3 
Flood & Famine- 
Affected = 0 
Treatment dummy 0.324 
(0.468) 
  
Age 16.316  
(3.557) 
16.558 
  (1.240) 
16.200 
 (4.236) 
Birth year  1973.684  
(3.557) 
1973.442  
(1.240) 
1973.800 
 (4.236) 
Literacy  45.118 
 (49.761) 
43.492 
 (49.575) 
48.505 
 (49.978) 
Primary school dropout 61.750  
 (48.600) 
63.939 
 (48.018) 
57.190 
 (49.480) 
Male 0.504  
(0.500) 
0.513  
(0.500) 
0.499 
 (0.500) 
Rural 0.779 
 (0.415) 
0.781 
 (0.414) 
0.778  
(0.415) 
Flood severity measures:    
Maximum depth of flood
inundation (ft) 
8.510  
(4.395) 
8.529 
 (4.383) 
8.501  
(4.401) 
Period of flood inundation
(months) 
2.747 
 (1.320) 
2.748  
(1.321) 
2.745 
 (1.318) 
Proportion of flood-affected  
areas as %  of total area of the
district 
45.556 
 (30.384) 
45.559 
 (30.396) 
45.550 
 (30.359) 
 
Famine severity measures:    
The change in rice-exchange rate
of labour (%) 
41.777  
(15.472) 
41.797 
 (15.428) 
41.768  
(15.493) 
The change in rice production (%) 14.086  
(13.022) 
14.128 
 (13.001) 
14.000 
(13.006) 
N 2475054 802663 1672391 
Notes: Full sample includes individuals who were born between 1968 and 1979 and were living in Bangladesh 
in 1991. Flood- and famine-affected cohorts (i.e., flood & famine-affected = 1) are the individuals born 
in 1972–1975, who experienced the flood and famine episode in their first 24 months of life or remaining in 
utero, while the other cohorts (i.e., flood & famine-affected = 0) are the individuals born during 1968–1971 
and 1976–1979 who did not experienced flood or famine in their critical age.  
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Table 4.2: Effects On Education Outcomes  
(Two-Way Interactions Using Flood Severity Measures) 
 Outcome Variables 
 (1) (2) 
 Literacy Primary 
School 
Dropout 
Two-way interactions: Coefficients for full sample ↓   
Treatment dummy  maximum depth 
of flood  inundation (ft) 
-0.125*** 
(2.751) 
0.152*** 
 (3.023) 
R2 0.078 0.075 
N 2475054 2475054 
Treatment dummy  period  of flood  
inundation (months) 
-0.580*** 
(3.765) 
0.515*** 
 (3.303) 
R2 0.078 0.075 
N  2475054 2475054 
Treatment dummy  a proportion of 
flood-affected areas as a %  of the  
total area of the district 
-0.006 
(0.750) 
0.002 
 (0.236) 
R2 0.078 0.075 
N 2475054 2475054 
Notes: Estimation of Model (4.1) using OLS. Each specification estimates separate regression for each 
outcome exploiting three flood severity measures separately. Coefficients on interaction variables are 
presented. Controls: rural, male, birth year, birth year squared, religious, district fixed-effects and 
cohorts fixed-effects. Treatment dummy is equal to 1 if a person was born in 1972–1975, and is equal to 
0 if born in 1968-1971 and 1976–1979. Robust standard errors are clustered at the district level. 
Absolute t-statistics are presented in parenthesis.  *p<0.10, ** p<0.05, *** p<0.010. For brevity, we do 
not report the coefficients of control variables, but the results are available upon request. 
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Table 4.3: Effects On Education Outcomes  
(Two-Way Interactions Using Flood Severity Measures Controlling For Famine 
Severity Measures)  
 Outcome Variables 
 (1) (2) 
 Literacy Primary School 
Dropout 
Panel A   
Two-way Interactions: Coefficients for full sample ↓   
Treatment dummy  maximum depth of flood 
inundation (ft) 
-0.032 
 (0.678) 
0.050 
 (1.039) 
Treatment dummy    the change in rice-exchange rate 
of labour (%) 
-0.057*** 
 (4.866) 
0.062*** 
 (4.457) 
R2 0.078 0.075 
N 2475054 2475054 
Treatment dummy  period  of flood  inundation 
(months) 
-0.351**  
(2.025) 
0.234  
(1.458) 
Treatment dummy   the change in rice-exchange rate 
of labour wage (%) 
-0.049*** 
 (4.349) 
0.061***  
(4.488) 
R2 0.078 0.075 
N 2475054 2475054 
Treatment dummy   a proportion of flood-affected 
areas as %  of the total area of the district 
-0.002 
 (0.024) 
-0.005  
(0.678) 
Treatment dummy  the change in rice-exchange rate 
of labour (%) 
-0.061***  
(6.310) 
0.070*** 
 (6.053) 
R2 0.078 0.075 
N 2475054 2475054 
   
Panel B   
Two-way Interactions: Coefficients for full sample ↓   
Treatment dummy  maximum depth of flood 
inundation (ft) 
-0.027  
(0.535) 
0.049  
(1.000) 
Treatment dummy    the change in rice production 
(%) 
-0.049*** 
 (4.135) 
0.055*** 
 (4.030) 
R2 0.078 0.075 
N 2475054 2475054 
Treatment dummy   period  of flood  inundation 
(months) 
-0.221**  
(2.301) 
0.042 
 (1.302) 
Treatment dummy  the change in rice production (%) -0.039***  
(4.143) 
0.036*** 
 (3.778) 
R2 0.078 0.075 
N 2475054 2475054 
Treatment dummy  proportion of flood-affected areas 
as %  of the total area of the district 
-0.001  
(0.008) 
0.003 
 (0.106) 
Treatment dummy  the change in rice production (%) -0.055*** 
 (4.074) 
0.048** 
 (2.605) 
R2 0.078 0.075 
N 2475054 2475054 
Notes: Panel A: estimation of Model (4.2) using OLS, i.e., each specification estimates separate 
regression for each outcome exploiting three flood severity measures separately controlling for the 
change in rice-exchange rate as a famine severity measure interacting with treated dummy in the same 
model. Panel B: estimation of Model (4.2) using OLS, i.e., each specification estimates separate 
regression for each outcome exploiting three flood severity measures separately controlling for the 
change in rice production (%) as a famine severity measure interacting with treated dummy in the same 
model. Coefficients on interaction variables are presented. Controls: rural, male, birth year, birth year 
squared, religious, district fixed-effects and cohorts fixed-effects. Treatment dummy is equal to 1 if a 
person was born in 1972–1975, and is equal to 0 if born in 1968-1971 and 1976–1979. Robust standard 
errors are clustered at the district level. Absolute t-statistics are presented in parenthesis.  *p<0.10, ** 
p<0.05, *** p<0.010. For brevity, we do not report the coefficients of control variables, but the results 
are available upon request. 
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Table 4.4: Effects On Education Outcomes For Different Subsamples: Sensitivity Test 
 Maximum Depth of Flood Inundation (ft) Period  of Flood Inundation (months) Proportion of Flood-Affected Areas 
(1) (2) (3) (4) (5) (6) 
Flood & Famine Only Famine Flood & Famine Only Famine Flood & Famine Only Famine 
Two-way Interactions: Coefficients on↓      
Literacy       
Treatment dummy  the change in rice-exchange 
rate of labour (%) 
-0.056*** 
(5.720) 
-0.162*** 
(4.339) 
-0.056***  
(5.714) 
-0.130*** 
 (3.317) 
-0.058*** 
(6.169) 
-0.132* 
(2.403) 
R2 0.079 0.079 0.079 0.065 0.080 0.063 
N 2137141 337913 2259129 215925 2333820 141234 
Primary School Dropout       
Treatment dummy  the change in rice-exchange 
rate of labour (%) 
0.064*** 
(5.096) 
0.146*** 
(3.592) 
0.064*** 
 (5.119) 
0.149***  
(3.338) 
0.066*** 
(5.403) 
0.161** 
(2.651) 
R2 0.075 0.077 0.075 0.068 0.076 0.066 
N 2137141 337913 2259129 215925 2333820 141234 
Notes: Estimation of Model (4.3) using OLS, i.e., each specification estimates separate regression for two outcomes exploiting the change in rice-exchange rate of labour (%) as a 
district-level famine severity measure for the sample with both flood- and famine-affected and also for only famine-affected. Coefficients on interaction variables are presented. 
Controls: rural, male, birth year, birth year squared, religious, district fixed-effects and cohorts fixed-effects. Treatment dummy is equal to 1 if a person was born in 1972–1975, 
and is equal to 0 if born in 1968-1971 and 1976–1979. Robust standard errors are clustered at the district level. Absolute t-statistics are presented in parenthesis.  *p<0.10, ** 
p<0.05, *** p<0.010. For brevity, we do not report the coefficients of control variables, but the results are available upon request. 
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Table 4.5: OLS Estimates Of The Number Of Langarkhanas In Both Single- 
And Double-Catastrophe Districts 
Variables Number of Langarkhanas (per million people) 
(1) (2) (3) (4) (5) (6) (7) 
        
The change in rice-exchange 
rate of labour 
0.533** 
 (3.35) 
   -2.179*** 
(6.97) 
-2.330***   
(19.47) 
-2.686***  
(1.07) 
        
Flood dummy 1  46.603*** 
(6.64) 
  -53.093*** 
(4.49) 
  
Flood dummy 2   49.756*** 
(6.02) 
  -54.730*** 
(7.11) 
 
Flood dummy 3    54.022*** 
(5.06) 
  -75.606*** 
(12.51) 
The change in rice-exchange 
rate of labour  flood 
dummy 1 
    2.709*** 
(8.31) 
  
The change in rice-exchange 
rate of labour  flood 
dummy 2 
     2.883*** 
(18.14) 
 
The change in rice-exchange 
rate of labour  flood 
dummy 3 
      3.310*** 
 (26.66) 
        
R2 0.107 0.481 0.446 0.389 0.985 0.673 0.637 
N 64 64 64 64 64 64 64 
Notes: Each column (Columns 1-7) provides separate estimation results. Number of langarkhanas (per million of people) 
is the outcome variable. Rice- exchange rate of labour is a famine severity measure across districts. Flood dummy 1 is 
equal to 1 if a district was flood-affected, is equal to 0 for otherwise in terms of flood inundation during 1974. Flood 
dummy 2 is equal to 1 if a district was flood-affected, is equal to 0 for otherwise in terms of duration of flood during 
1974. Flood dummy 3 is equal to 1 if a district was flood-affected, is equal to 0 for otherwise in terms of proportion of 
flood-affected areas as a percentage of total area of the district during 1974.Absolute t-statistics are presented in 
parenthesis.  *p<0.10, ** p<0.05, *** p<0.010. 
 
 
 
Table 4.6: OLS Estimates Of The Net Migration Rate In 
The Flood-Affected Districts 
Variables Net Migration Rate 
(1) (2) (3) 
Maximum depth of flood 
inundation (ft) 
-0.105 
(0.919) 
  
Period  of flood  
inundation (months) 
 -0.294 
(0.692) 
 
Proportion of flood-affected 
areas as a %  of     the  
total area of the district 
  -0.028* 
(1.743) 
R2 0.020 0.015 0.065 
N 64 64 64 
Notes:  Each column (Columns 1-3) provides separate estimation results. Net migration rate is the 
outcome variable. Maximum depth of flood inundation (ft), period of flood inundation (months), and a 
proportion of flood-affected areas as a percentage of the total area of the district are the flood severity 
measures across districts. Absolute t-statistics are presented in parenthesis.  *p<0.10, ** p<0.05, *** 
p<0.010. 
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Figure 
Figure 4.1:  Rice-Exchange Rate Of Labour (In Percentage), Flood Inundation (FT) 
And Number Of Langarkhanas (Per Million People) Across Districts, 1974 
 
Source: Author’s calculation. Data on the district-level number of langarkhanas and maximum depth of inundation 
are obtained from Alamgir & Salimullah (1977) and Data on rice-exchange rate of labour are obtained 
from Sen (1981). 
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Maps 
  
 
 
 
 
 
 
 
Map 4.1: Maximum Depth Of Flood Inundation (Ft) Across 
Districts, 1974 
Source: Data presented in the map are obtained from Alamgir & Salimullah (1977). 
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Map 4.2: Duration Of Flood Inundation (In 
Months) Across Districts, 1974 
Source: Data presented in the map are obtained from Alamgir & Salimullah (1977). 
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Map 4.3: Total Flood-Affected Areas Over The Area 
Of The Districts (In Percentage), 1974 
Source: Data presented in the map are obtained from Alamgir & 
Salimullah (1977). 
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Map 4.4: Number Of Langarkhanas (Per Million People) 
 Across Districts, 1974 
 
 
 
 
 
 
Source: Data presented in the map are obtained from Alamgir & Salimullah (1977). 
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Appendices 
Appendix Table 4.1: Contemporaneous Consequences Of the 1974 Floods  
(At A Glance) 
Items  Number 
Death tolls *  1988 
Number of persons affected * 29898320 
Number of cattle heads lost * 46405 
Flood-affected areas (square km) ** 52,600 
Flood-affected areas (%) ** 36.84 
Economic loss (million taka)*** 20,000  
Loss of major crops (000’tons) ****  
Paddy 1500 
Jute 354 
Sugarcane 150 
Source: * Alamgir & Salimullah (1977); ** Hofer & Messerli (2002); *** Khalequzzaman 
(2000); and ****Mustafi and Azad (2003). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
139 
 
Appendix Table 4.2: List Of Flood-Affected Districts  
Flood-Affected Districts 
Maximum Depth of Flood 
Inundation (ft) 
Period  of Flood Inundation 
(months) 
Proportion of Flood-
Affected Areas 
Barisal Barisal Barisal 
Bhola Bhola Bhola 
Jhalokati Jhalokati Jhalokati 
Pirojpur Pirojpur Pirojpur 
Bogra Bogra Bogra 
Joypurhat Joypurhat Joypurhat 
Chittagong Chittagong Chittagong 
Cox's Bazar Cox's Bazar Cox's Bazar 
Brahmanbaria Brahmanbaria Brahmanbaria 
Chandpur Chandpur Chandpur 
Comilla Comilla Comilla 
Dhaka Dhaka Dhaka 
Gazipur Gazipur Gazipur 
Manikganj Manikganj Manikganj 
Munshiganj Munshiganj Munshiganj 
Narayanganj Narayanganj Narayanganj 
Narsingdi Narsingdi Narsingdi 
Dinajpur Dinajpur Dinajpur 
Panchagarh Panchagarh Panchagarh 
Thakurgaon Thakurgaon Thakurgaon 
Faridpur Faridpur Faridpur 
Gopalganj Gopalganj Gopalganj 
Madaripur Madaripur Madaripur 
Rajbari Rajbari Rajbari 
Shariatpur Shariatpur Shariatpur 
Jamalpur Bagerhat Bagerhat 
Kishoreganj Khulna Khulna 
Mymensingh Satkhira Satkhira 
Netrokona Jamalpur Chuadanga 
Sherpur Kishoreganj Kustia 
Feni Mymensingh Meherpur 
Lakshmipur Netrokona Jamalpur 
Noakhali Sherpur Kishoreganj 
Pabna Feni Mymensingh 
Sirajganj Lakshmipur Netrokona 
Barguna Noakhali Sherpur 
Patuakhali Pabna Feni 
Chapai Nababganj Sirajganj Lakshmipur 
Naogaon Barguna Noakhali 
Natore Patuakhali Pabna 
Rajshahi Chapai Nababganj Sirajganj 
Gaibandha Naogaon Barguna 
Kurigram Natore Patuakhali 
Lalmonirhat Rajshahi Chapai Nababganj 
Nilphamari Gaibandha Naogaon 
Rangpur Kurigram Natore 
Habiganj Lalmonirhat Rajshahi 
Maulvi Bazar Nilphamari Gaibandha 
Sunamganj Rangpur Kurigram 
Sylhet Habiganj Lalmonirhat 
Tangail Maulvi Bazar Nilphamari 
 Sunamganj Rangpur 
 Sylhet Habiganj 
 Tangail Maulvi Bazar 
  Sunamganj 
  Sylhet 
Tangail 
Source: Author’s calculations using data on 1974 flood severity measures.  
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Appendix Table 4.3: List Of Non Flood-Affected Districts 
Source: Author’s calculations using data on 1974 flood severity measures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Only Famine Affected Districts
Maximum Depth of Flood Inundation 
(ft) 
Period  of Flood Inundation 
(months) 
Proportion of Flood-Affected Areas 
Bandarban Bandarban Bandarban 
Khagrachhari Khagrachhari Khagrachhari 
Rangamati Rangamati Rangamati 
Bagerhat Chuadanga Jessore 
Khulna Kushtia Jhenaidha 
Satkhira Meherpur Magura 
Chuadanga Jessore Narail 
Kushtia Jhenaidha  
Meherpur Magura  
Jessore Narail  
Jhenaidha   
Magura   
Narail   
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Chapter 5  
2 Conclusions 
 
This thesis, comprising three essays, empirically explores the nexus between early-
life malnutrition and later-life socioeconomic outcomes in Bangladesh. In particular, 
the thesis focuses on the socioeconomic effects of the two-widely known famines, 
that is, the 1942–1944 Great Bengal famine and the 1974–1975 Bengal famine, and 
one of the most devastating floods, that is, the 1974 floods. The socioeconomic 
outcomes are measured with literacy, the probability of working in agriculture sector, 
the probability of living in a brick-wall house, and concrete-roof house in the first 
essay, while literacy and primary school dropout are used as the outcome of interests 
in the other two essays of this thesis. To investigate the long-term effects of early-life 
malnutrition, we exploit a rich national level census dataset in 1991 that includes 
10.58 million of person-observations. The thesis obtains the empirical identification 
from natural experimental designs in which the birth cohorts exposed to malnutrition 
in their early-life constitute the treatment groups while the birth cohorts born in a 
range of years before and after the malnutrition episode are utilised as the 
comparison groups. Importantly, we make use of variations in exposure to 
malnutrition not only across cohorts but also across regions exploiting a range of 
district-level severity measures in Bangladesh.  
Exploiting the 1942–1944 Great Bengal famine in Bangladesh, in the first 
essay, entitled ‘Long-Term Effects of Early-Life Malnutrition: Evidence from the 
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1942–1944 Great Bengal famine’, this thesis finds the significant and enduring 
impacts on the cohorts born between 1941 and 1944 compared with the cohorts born 
between 1936 and 1939 and 1946 and 1949. In particular, famine exposure leads 
early-life survivors in the treatment group to have significantly lower levels of 
human capital in adulthood. Further, famine-affected cohorts are more likely to have 
lower socioeconomic status, such as a higher likelihood of working in agriculture, 
and lower likelihood of living in a house with brick-wall and concrete-roof in later-
life. It is noteworthy that, the socioeconomic effects of the 1942–1944 Great Bengal 
famine become more pronounced with the increase in the severity of famine across 
the districts. Findings also suggest that the adverse effects of famine are stronger for 
males, and Muslims than the associated comparison groups.  
The aforementioned results have several policy implications. First, the results 
point to a variation in the regional intensity, that is, the effects are often more on the 
famine exposure in the districts with relatively more intensity of famine. Therefore, 
the districts with relatively more intensity of famine should be considered as the 
target regions for policy and development. Second, the findings point to the specific 
demographic groups—mainly males, and Muslims cohorts—that are particularly 
vulnerable to adverse socioeconomic conditions. Hence, the study on the long-term 
effects of early-life conditions on a range of socioeconomic outcomes (mentioned 
above) after several decades suggests the inevitability of paying extra attention to 
these groups, with programs designed specially to ameliorate their socioeconomic 
status. 
Exploiting the 1974–1975 Bangladesh famine, in the second essay, entitled 
‘Food Availability or Food Entitlement? Throwing Light on Competing Explanations 
of the Causes of the 1974–1975 Bangladesh Famine’, and utilizing two alternative 
famine severity measures—the rice-exchange rate of labour (i.e., a proxy for 
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entitlement to food), and total production of rice (i.e., a proxy for food availability)—
across the districts in Bangladesh, this thesis finds statistical support for the adverse 
outcomes of famine on its early-life survivors. However, findings also suggest that 
these adverse effects are significantly stronger in districts where individuals had 
lower entitlement to food compared to food availability. These findings are important 
as they confirm Sen (1981)’s account to explain the famine in Bangladesh (see Sen, 
1981). In particular, the major finding of this essay is that the famine-affected 
cohorts from the districts, where they had a relatively lower entitlement to food 
compared with food availability, suffer more even almost after two decades. We also 
obtain supporting evidence which substantiates the account of food entitlement 
failure, in which we show that individuals who lived in houses with brick-wall or 
concrete-roof, or belonged to the family with own agricultural land, indicating their 
higher income and wealth status, were less severely affected by famine in terms of 
their long-term education outcomes. This finding can be interpreted as that the 
families of such individuals were more likely to have been involved with the 
hoarding behaviour given their easier access to food supplies during the famine 
(given that most families still live in the same residential properties over time). We 
also find that undernourishment in utero, in utero and first year of life, first and 
second years of life, and finally just the second year of life impairs the development 
of human capital in the long-run heterogeneously and the effects are the largest for 
the cohorts exposed in utero and in only second year of life. 
Therefore, from a policy point of view, government should place more 
attention on investing in human capital for cohorts born in the districts that suffered 
from larger effects in the aftermath. Second, the central government might take steps 
to minimise any possible corruption associated with individuals’ entitlement to food 
despite its availability. Finally, as the adverse effects are the largest for the foetuses, 
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and the second year old children, these two groups of individuals should be targeted 
for better nourishment.   
A substantial literature review of the causal triggers of the 1974–1975 famine 
in Bangladesh (see Alamgir & Salimullah, 1977; Alamgir, 1980; Sen, 1981; Dyson, 
1991; Hernández-Julián et al., 2014) and the results obtained by exploiting this 
famine as a natural experiment, the second essay forms the impetus for the third 
essay in this thesis, entitled ‘Double Catastrophe in Early-Life: How did Concurrent 
Famine and Flood in 1974–1975 Affect Child Survivors in Later-Life in Bangladesh? 
In this essay, the estimates of the two-way interaction terms between treatment 
dummy and three different flood severity measures across districts—including 
maximum depth of flood inundation (ft), flood duration (months), and flood-affected 
areas as a percentage of the total area of the district—suggest us that the effects on 
the adult education outcomes are adversely affected by floods in 1974.  
However, because the flood and the severe duration of the famine coincided, 
the birth cohorts born during 1972–1975 were exposed to both flood and famine 
shocks in their early-life. To exploit this issue, this thesis utilises interaction terms 
between treatment dummy and two alternative famine severity measures (mentioned 
above).The estimation results obtained from the interaction terms between treatment 
dummy and flood severity measures as well as treatment dummy and famine severity 
measures confirm us that the long-term effects of malnutrition in 1974 appear to be 
mediated more strongly by famine than flood. Interestingly, the estimated 
coefficients of the interaction terms are attenuated by exploiting the second famine 
severity measure, that is, the total production of rice as a proxy for food availability 
than by the first severity measure, that is, the rice exchange-rate of labour as a proxy 
for entitlement to food. These results are conceivably consistent with the results in 
our second paper. Further, we find larger effects of famine on the children in those 
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districts that were only famine-affected (if not flood-affected). Through an extensive 
use of the available data on both flood and famine severity measures, we have 
noticed that the “only famine-affected” districts were mostly hilly and rugged regions 
in Bangladesh, which are geographically disadvantaged and backward in their levels 
of development. Further, in the “only famine-affected” districts, famine-effect 
smoothening interventions in terms of the number of langarkhanas (per million 
people) were not adequate that might lead to shape in larger adverse adult outcomes 
on them than on others.  
From a public policy standpoint, the findings proffered by the third essay of 
this thesis have important implications for policy. As individuals are likely to 
experience malnutrition shock mediated by floods but more conceivably by famine, 
governments should place specific attention on ensuring food security for all of them 
besides all other mitigation interventions. Also, the government should concentrate 
on the individuals belonging to the ‘only famine-affected group’ (if not flood-
affected) as a target group for eradicating early-life malnutrition as well as 
supporting accumulation of human capital.  
This thesis affirms that given the sizable impact on a range of socioeconomic 
outcomes, early-life malnutrition during famine and/or flood in Bangladesh is likely 
to be a key mechanism to examine the enduring consequences on their survivors. 
Importantly, this thesis finds that the empirical estimates concerning the treatment 
effects are not driven by a range of potential selection biases evident through adult 
mortality, infant fertility, adult fertility, omitted variables and age-heaping problem. 
In addition, although the 1991 census dataset does not contain the place of birth 
information of the sample, the first essay addresses the migration issue by utilizing 
the internal migration (i.e., rural–urban and urban–rural) rates in 1991. Further, the 
second and the third essays use inter-district net migration data from 1974 to 1981. 
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All these strategies affirm that the estimated results are free from the potential 
selection bias through migration. Despite, if an alternative dataset containing the 
demographic, social, and economic information of our regression sample in 
conjunction with their birth place information is available in future, our estimation 
can be replicated as a falsification test.  
If data availability permits in the future, the long-term regional variation 
between East Bengal (i.e., Bangladesh) and West Bengal (i.e., India) can be assessed 
by exploiting the 1942–1944 Great Bengal famine. Further, the intergenerational 
effects of the early-life shocks can be investigated using the natural experimental 
design devised in this thesis—a possibility that deserves further examinations. 
Importantly, given the availability of data, the effects of the two famines and one 
flood exploited in this thesis can be tested for some other socioeconomic variables—
for instance adults’ height, reproductive health, cognitive skills, psychological 
behaviour, and income status. It is noteworthy that a natural extension of this thesis 
would be to incorporate some other severity measures related to famine and/or flood. 
To exemplify, famine mortality rates across districts can be utilized.  
To conclude, it would be useful to study on the long-term effects of early-life 
malnutrition following natural experimental designs from different perspectives—
including, but not limited to, health economics, development economics, behavioural 
economics, regional economics, rural-urban disparity, population studies, and social 
mobility. 
 
 
 
147 
 
References 
Alamgir, M. (1980). Famine in South Asia. Political economy of mass starvation. 
Oelgeschlager, Gunn & Hain, Publishers, Inc.. 
Alamgir, M., & Salimullah, (1977). Famine, 1974: Political economy of mass 
starvation in Bangladesh: A statistical annexe. Bangladesh Institute of 
Development Studies, Dacca. 
Dyson, T., & Maharatna, A. 1991, 'Excess mortality during the Bengal famine: a re-
evaluation', Indian Economic & Social History Review, 28(3), 281-297.  
Hernández-Julián, R., Mansour, H., & Peters, C. (2014). The effects of intrauterine 
malnutrition on birth and fertility outcomes: evidence from the 1974 
Bangladesh famine. Demography, 51(5), 1775-1796.  
Sen, A. (1981). Ingredients of famine analysis: availability and entitlements. The 
Quarterly Journal of Economics, 96(3), 433-464.  
  
 
 
 
